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ABSTRACT

Thi s publication establishes standard practices and procedures for
i nspection, testing and mai ntenance of Fire Protection Systems at DOD
installations. These practices and procedures are reconmmended to insure the
safety of personnel and property. The contents include: foam gaseous, and
dry chem cal extinguishing systens; and fire alarm automatic sprinkler,
standpi pe, smoke control and fire resistance. In addition, this manua
provides a glossary of terms, troubleshooting suggestions, and self-study

questi ons.
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FOREWORD

This manual prescribes the policy, criteria, and procedures for naintaining
fire protection systenms at nilitary installations. |t establishes maintenance
standards and provi des guidance for the selection, use, and installation of
foam gaseous, dry chemcal extinguishing systens and fire alarm autonatic
sprinkler, and standpipe systems, as well as brief discussions on stairwell
pressurization and fire resistance systens.

The mai ntenance standards prescribed have been established to protect

personnel and Governnent property with an economi cal and effective expenditure
of maintenance funds commensurate with the functional requirenents of
facilities. The publication furnishes guidance for the performance of work by
mai nt enance forces in the field.

Sel f-Study Questions follow each chapter to assist activities in on-the-job
training. An answer key is also provided. The rationale for the answers my
be obtained fromthe appropriate mlitary commands |isted bel ow.

The use of these systens and procedures by personnel responsible for

mai nt enance service specifications, requisitions, procurenent, inspection,
storage, issue, application, and safety; should assure uniform econom cal,
and satisfactory maintenance. Advice concerning any procedure may be obtained
from

(1) Department of the Arny-U S. Arny Engineering and Housing Support
Center (CEHSC-FB-1), Fort Belvoir, VA 22060-5580.

(2) Department of the Navy-Naval Facilities Engineering Command (163) or
its geographic Engineering Field Division (10).

(3) Departnent of the Air Force-Directorate of Civil Engineering-HQ
AFESC/ DEM

Recommendations or suggestions for nmodification, or additional information and
instructions that will inprove the publication and notivate its use, are
invited and shoul d be submtted through appropriate channels to the addresses
listed above.

Thi s publication supersedes the October 1981 editions of Arnmy TM 5-695; Air
Force AFM 91-37 and NAVFAC MO 117.
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CHAPTER 1. | NTRODUCTI ON

1.1 PURPCSE. This manual is a guide for nmilitary and civilian personnel who
are concerned with the operation, testing, inspection, and maintenance of fire
protection systens.

1.2 SCOPE. This manual describes the operation, testing, and maintenance of
fire alarmand fire extinguishing systens for buildings and ot her structures.
Fire alarmand fire extinguishing systens-described in this manual include:

«Fire detection and notification equipment for local, renote station,
proprietary, and central station alarm systens

o« Automatic sprinkler systens

« St andpi pe and hose systens

« Foam extingui shing systens

« Gaseous extinguishing systens

« Cheni cal extinguishing systens

Thi s document is intended to serve as both an educational reference and a
manual .  Beginning with Chapter 2, the reader will be provided with a genera
description of each type of fire protection system I ncluded in each chapter
is a description of the testing, inspection and nuintenance procedures for the
previously described fire protection system Self-instructional questions are
presented at the end of each chapter for those readers using this document as
a textbook.

Because of the |arge nunmber of manufacturers and nodels for a given fire
protection product, this nmanual cannot be considered to be applicable in every
detail to a particular device or system Rather, the principles apply on a
generic basis for any given device or system

The procedures included in this manual for the testing of fire protection
systens do not necessarily constitute procedures for acceptance tests of new
fire protection systems. Procedures for acceptance tests of newfire
protection systens are included in applicable design standards. In all cases
the operating, testing, and naintenance procedures for fire protection
equi pnent shoul d be done according to the manufacturer’s instructions.

1.3 COOPERATI ON AND COORDI NATI ON AMONG SERVI CES.  Cooperation and coordination
anong services and departnents in fire protection testing and mai ntenance are

encouraged at all levels of command. Major conmands and installations in a
geogr aphi cal area shoul d establish and naintain |iaison and cross-service
assi stance for nost econonical and efficient servicing. I nspecting, testing

and maintenance nust be continuous to avoid unnecessary interruptions and
possi bl e danger to personnel
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1.4 JONT SERVI CE RESPONSI BILITY. The responsible organization and point of
contact for latest available information, specifications, and procedures for
each branch of service is as follows:

1.4.1 Arny. Staff,” command, and technical responsibility for maintenance
and repair of fire protection systens at Arny installations will conformto
assignments set forth in AR-420-90. Miintenance and repair support is the
responsibility of the installation facilities engineer. Requests for
assi stance shoul d be forwarded through channels to the Ofice of the Chief of
Engi neers, HQ DA, DAEN-MPO-B, Washington, DC 20314.

1.4.2 Navy. The Commanding O ficer at each Naval shore installation is
responsible for an adequate maintenance program  These responsibilities may
be delegated to Fire Departnents and Public Wrks Centers or Public Works
Departnents as appropriate. The maintenance program shall include, but is not
limted to:

oI nspections and surveys to deternmine and identify defective
conditions (Reference NAVFAC MO 322 for guidelines)

« Preventive maintenance according to standards set in this nmanual

ol nspections and instructions to ensure that |abor, materials, and
equi pnent are used properly and safely and that operations are
pl anned and supervised by qualified personnel

«Coordination with civilian and other governmental agencies that have
simlar operation and maintenance capabilities

«Training and qualifying personnel to perform effective maintenance

Techni cal support for inspection, maintenance, repair condition
assessment, and operation of fire protection systens is available at Naval
Facilities Engineering Conmand Headquarters, Code 16 or Engineering Field
Divisions - Facilities Division, Code 10.

1.4.3 Air Force. Policy and standards for the design of fire protection
systens are established in AFM 88-10, Ch. 6 and AFR 88-15. AFR 92-1 deals
with the fire protection program The commanding officer at each installation
is responsible for an adequate maintenance program Assistance is available
fromHQ Air Force Engineering and Services Center (HQ AFESC/ DEMM Tyndal | AFB
FL 32403-6001.

1.5 MAI NTENANCE STANDARDS, PCLICIES, AND CRITERIA. The standards or criteria
contained in this manual have been devel oped by the Arny, Navy, -and Air Force
with the concurrence and approval of the Departnent of Defense (DOD). These
st andards address the inspection and maintenance of fire protection systens at
mlitary installations. Conpliance with these standards is mandatory for the
Arny and the Navy. It will adequately support the operational mssions of the
installations, and will permt interservice assistance and support, where
possible, in the interest of efficiency and econony.

Determining the need and perforni ng maintenance, repairs, and
rehabilitation of existing fire protection systens shoul d be based on
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experience, judgnent, and/or engineering evaluation. Wen systens are
inactive, maintenance policies should be consistent with the anticipated
future mssion of the installation and in accordance with the inactivation
plan. Qualified technical personnel should be used to assist in the
establishment of inspection and naintenance prograns.

Requirenments for the design and construction of fire protection systens
are found in various departmental publications. Reference to other published
material s which provide related or nore extensive information on specific
areas of nmintenance is nade where appropriate throughout this manual

1.6 MAI NTENANCE PROGRAM  An inspection and nmaintenance program for fire
protection systens should be devel oped according to regul ations and policy of
each branch of service. The objectives of the Mintenance Program are: 1)
prevention or pronpt detection of deficiencies or danage, 2) pronpt
mai nt enance or repairs in an econonical and workable manner, and 3) avoi dance
of unnecessary interruptions and possibl e danger to personnel, facilities and
m ssions. Damaged parts should be replaced or repaired as soon as possible
because when one itemis not working, the entire system may not function as
expected or required.

A mai ntenance program consists of three tasks: inspection, nmintenance
and repair. The follow ng should be considered in devel opi ng and i npl enenti ng
t he maintenance program

1.6.1 Inspection. Inspections should be conducted to determine the degree
of fire hazard involved with each structure. The degree of hazard wll be
used to determine the priority sequence of repair and the extent of repair
required. Visual and mechanical checking of the condition of facilities
shoul d be performed on a regularly scheduled basis to determne the extent of
the maintenance and repair work required and to ensure the proper operation of
the systens. Additional inspections may be necessary under certain
circunmstances, such as heavy freezes and damage by occupants. Basic
checklists and procedural techniques for inspection are included in this
manual . Other forns or checklists are available within each mlitary branch
and are included in nunerous standards published by the National Fire
Protection Association (NFPA).

1.6.2 Mintenance. Mintenance is the day-to-day, periodic, or schedul ed
work required to preserve or restore a facility to a condition so it can be
effectively used for its designed purpose. It includes work to prevent damage
or the deterioration of a facility that otherwise would be more costly to
restore.  Pronpt maintenance done in an econom cal and workable manner is
essential for personnel safety and to protect the facility from extensive fire
damage.  Therefore, detailed procedures, performed on schedule, should be
provided in the Mintenance Program

1.6.3 Repair. Repair is the restoration of a systemto a condition that
allows it to be used for its designed purpose. The repair may require
overhaul, reprocessing, or replacing parts or materials that have deteriorated
because of use or age and have not been corrected through naintenance. Repair
can be part of a nodernization program  The overall econony of the system and
facility served and the requirenents for a safe and operable system should be
studi ed before recomrending major repairs. Factors to evaluate include, but
are not limted, to the follow ng:
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o Replacenent cost of the systemin relation to the expected life span
of the systemand the facility and to the cost of repairs

o Pronpt detection of deficiencies or damage
o« Qperation and mai ntenance costs of the old versus a new system

« Possible obsol escence of the system and the present adequacy of the
facility

o« Present and future availability of naintenance funds

« Qperational econom cs and safety hazards of downtime involved in
major repair or replacement of facilities.

1.7 SAFETY. Safety precautions and safe nmintenance practices are covered in
the follow ng docunents:

« Arny - EM 385-1-1

« Navy - NAVFACINST 5100.11F

«Air Force - AFCSH Standards

« OSHA regul ations, sections 1910 and 1926.

The procedures addressed in this nanual are in conpliance with the noted
OSHA regul ations applicable in 1986.

1.8 TERM NCOLOGY. Definitions of terms related to the operation, testing and
mai nt enance of fire protection systens are in the glossary of this nmanual.

1.9 I MPORTANCE OF MAI NTENANCE. According to the NFPA, approximately 6,185
civilians died in 1985 as a result of fires in the United States. In
addition, more than 28,425 nonfatal civilian fire injuries occurred in 1984,
The NFPA further estimates that direct property loss fromfires in 1985
exceeded seven billion dollars.

While statistics for DOD facilities are not readily available, the NFPA
statistics are evidence of the extent of the national fire loss. However,
statistics such as these cannot reflect the effects of interfering with the
continuity of DCOD functions.

Fire protection systems are installed in structures to provide protection
of life and property, and to assure the continuity of inportant mssions. In
order to operate effectively, fire protection systems are designed for the
specific building and associ ated hazard using appropriate DOD standards. It
is apparent, therefore, that the testing and nmaintenance of these systens are
necessary to ensure operability.
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For exanple, NFPA statistics indicate that automatic sprinklers are 96.2
percent effective in controlling fires, based upon data accunulated in the
period of 1925-1969 (Table I|-1). An exam nation of the 3.8 percent "failures"
shows that nore than one half of these failures can be attributed to
i nadequate mai ntenance, including closed supply valves, enpty gravity tanks
and failure of fire punps to start (Table 1-2).

Accurate statistics are not available as of this date, but it is estinated
that the rate of satisfactory performance for other fire protection systens
may be as |ow as 27 percent. Lower rates of acceptable perfornmance are
general ly attributed to nore conplicated extinguishing systens, such as
gaseous and chemical systems, Wwhich have nore conponents susceptible to

failure and which require increased naintenance

TABLE 1-1
AUTOVATI C SPRI NKLER PERFORMANCE SUMMVARY, 1925-1969

CLASSIFICATION OF UNSATISFACTORY PERFORMANCE

PERFORMANCE SUMMARY

Total
Total Satis-
No. Total Total factory
of Unsatis- Satis- Per
Occupancies Fires factory factory Cent
Residential .................. 1,073 48 1,025 95.5
Assembly ... 1,551 52 1,499 66.6 PR U] K] 1 v 1 1 a ...
Educational . ................ 241 20 221 91.7 4 8 1 5 .. 1 1
Ingtitutional ... .............. 305 12 293 96.1 3 3 2 1 1
OffiCe. . ovee e 494 13 481 974 4 .2 1 .. ) S 1 1
Mercantile . . ................ 6,237 176 6,061 97.2 83 11 4 4 4 35 11 12 1 4 1
Industrial,
Beverages, essential oils . . . . . 543 64 479 88.2 i7 4 9 . i 2 i 18 3 3 5
Chemicals............. 4,147 198 3,649 95.2 33 11 19 ... 3 3 13 95 2 12 1
Fiber products . . ........... 539 25 514 95.3 6 . 4 1 ... 2 ... 5 4 2 1
Food products . . . ......... 2,484 133 2,351 94.6 43 11 8 1 2 1 7 9 29 4 12 1
Glass Products . . .. ........ 519 23 496 95.6 8 3 1 2 1 5 3
Leather, leather products. . . . . 2,884 114 2,750 96,0 43 8 7 3 9 7 9 9
Metal, metal products . . . . . 9,807 305 9,502 96.9 91 36 22 3 6 8 15 35 43 6 29
Mineral products. . ......... 394 19 375 95.2 10 4 2 1 ... L . 1
Paper, paper products . . ... .. 7,147 234 6,913 66.7 75 18 34 3 2 2 16 3 21 2 23
Rubber, rubber products . . . . . 1,489 61 1,428 95,9 21 4 3 ... 1 1 1 10 14 1 5 ...
Textiles - manufacturing . . . . 16,119 291 15,828 98.2 109 15 3 3 5 3 1 27 18 1 5 9
Textiles-processing . . . . . . .. 6,527 127 6,400 98,1 52 6 11 ... 5 1 8 13 15 2 7 1
Wood products ........... 5,3.53 492 4,861 90.8 137 57 84 g 16 14 27 18 77 8 24 12
Miscellaneous industries . . . . . 9,013 265 8,748 97.1 46 15 14 8 3 .. 12 11 18 3 27 8
Total (Industrial) ... ... .. 66,945 2,351 64,594 96,5 791 187 252 32 45 38 112 183 366 36 207 56
Storage Occupancies. .......... 4,160 375 3,785 91.0 122 24 48 5 6 9 10 57 38 11 40 3
Other Occupancies. .......... 419 87 332 79.2 67 ... ... 2 ... ... 2 1 85 3 3 1
TotaL (ALL OCCUPANIES) . ... 81425 3,134 78,291 66.2 1,110 254 311 44 56 53 187 256 424 52 262 65
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TABLE 1-2
DETAI LED ANALYSI S OF UNSATI SFACTORY AUTOMATI C SPRI NKLER PERFORNVANCE

»
§ > E E % '§ §§
3 08 & 3§ &€ & 4 § &8 3%
€ < @ £ O = £ & =O ~
Water to sprinklers shut off
Valve defectiveorleaky .................... 3 1 4
Unsupervised valve closed for undetermined
=S o 2 9 1 16 176 38 7 247
Prematureshutoff . . ................... ..., 2 4 1 .. 13 193 23 7 243
Alterations or repairstosystem. ............. 3 5 .. 1 14 179 28 10 240
To prevent framing. . . .. ............... 1 1 1 2 1 24 127 18 26 201
Cold-weather valve closed out off season . . . . . . . .. 1 .. .. 7 24 4 .. 36
Toabetarson............................ 1 .. 2 .. .. 5 33 8 2 49
Fear of water damage . .. ..............vun. .. .. .. .. 2 18 1 21
Miscellaneous other reasons . . .. ............ 4 3 4 38 8 14 69
Partial protection
Originated in unsprinklered area. . . .. ....... 7 10 8 3 2 10 180 23 1 244
Spread to unsprinklered area. . .. ............ 2 .. 1 7 10
Inadequate water supply
Insufficient water or low water pressure from
publicsupply . . ... 2 2 .. . . 2 114 19 .. 139
Insufficient water or low water pressure from
privatesupply, . . ..o 1 .. 1 1 .. .. 26 6 .. 35
Insufficient water for both sprinklers and hose
SITEAMS . . o v v 1 1 1 53 13 69
Gravity tankempty . . ... ..o 1 .. .. .. .. 1 22 3 .. 27
Pump failure or pump not stinted . . . ........ .. .. .. 1 .. .. 14 .. 15
Mainsbroken . ..........cooiiiiiiiiia .. .. .. . ‘. 1 11 1 .. 13
Miscellaneous reasons ...................... .. . .. .. .. . 12 1 . 13
System frozen
Pipesorvalvesfrozen...................... 1 .. .. .. .. 4 32 5 2 4
Slow operation
Excessive heads on dry-pipevalve . .......... .. .. 18 1 20
High-temperature sprinklers.. . .............. .. 1 9 . 10
Failure of quick-opening device............. 4 4
Heat-actuating devices inadequate or inoperative .. .. .. .. .. .. 3 3
Miscellaneous reasons . . . ... .. .. .. .. .. 4 10 5 19
Defective dry-pipe valve
Defective or improperly adjusted dry-pipe vave .. .. .. .. 1 5 38 9 53
Faulty building construction
Concealed horizontal or vertical spaces lacking
protection . .. ... ... 11 9 4 1 2 34 94 5 1 181
Floor orroof collapse . . . ................. o .. 1 .. .. 1 12 [¢] 1 21
Miscellaneous deficiencies. ... .............. .. .. .. .. . 5 .. . 5
Obstruction to distribution
Fires under benches, etc. . .. ............... .. 2 98 8 .. 108
Highpilingof stock . ... ................... .. 8 60 41 e 104
Partitionserected . . . ............. ... .. ... 1 5 12 4 1 23
Miscellaneousreasons. . .................... 2 i i i3 4 .. 21
Hazard of occupancy
Hazard too severe for sprinkler equipment as
installed . ..........oo .. .. .. .. .. (3] 182 23 3 214
Explosion damaged system . ... ............. 1 .. .. .. 1 6 161 13 2 184
Water overflowed containers of flammable liquids .. .. .. 1 .. .. 15 .. .. 18
Miscellaneous reasons . . . . ... .......... .. .. .. .. .. . 8 2 .. 10
Exposure fire
Exposure fire overpowered sprinkler system in
exposed building ....................... 1 1 36 12 2 52
Inadequate maintenance
Plugged sprinklers. . ......... ... . . o 2 .. e .. 1 39 8 . 50
Sprinklers dirty, corroded, or coated . . . ... ... .. .. .. .. .. 1 41 4 2 48
Obstructed piping . . . . . . ... ... ... 2 2 1 .. .. 2 117 25 1 150
Defective check . . ... ............... . .. .. .. .. . 2 2 . 4
Miscellaneousreasons . ... ................. .. .. .. .. 1 .. 9 .. .. 10
Antiquated system
Pipe sizes, sprinkler spacing substandard or old-
standard . .. ... 2 .. 1 .. .. 1 51 3 .. 58
Valves substandard or old-standard . . . . . . .. .. .. . .. 1 . 1
Sprinklers substandard or old-standard . . . . . . . . .. .. .. 1 3 1 5
Miscellaneous deficienciesduetoage . . . . . . .. 1 . 1
Miscellaneous and unknown
Causes of unsatisfactory sprinkler performance )
unknown or cannot be otherwise classified . . . 1 .. .. 2 .. 1 46 7 3 60
TOTAL « e et 48 52 20 12 13 176 2,351 375 87 3,134
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CHAPTER 1.  SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the followng

questi ons.

Q-1 The objective of the maintenance program for fire protection systens is:
a. Pronpt detection of deficiencies or damage
b. Replacement or repair of damaged equi pment in an econom cal manner.
¢c. Replacenent or repair of damaged equi pment as soon as possible.
d. Preservation of life, property and continuity of operations
e. Al of the above.

QL-2 This manual includes the maintenance of fire suppression equi pment of
fire department vehicles:
a. True b. False

QL-3 Technical support for the maintenance of fire protection systens is
avail able from each branch of service
a. True h. False

QL-4 The instructions in this manual supersede the instructions of the
manuf acturer of a particular device or system
a. True b. False

QL-5 When extending or upgrading an existing fire protection system redesign
criteria for the new equi pment may be found in this manual
a. True h. False

QL-6 Statistics show that nmore than one-half of sprinkler systems failures can

be attributed to nmintenance related deficiencies
a. True b. False
Mai nt enance is the:

a. Restoration of a facility to a condition that allows it to be used for
its designed purpose.

b. Regularly schedul ed visual and mechani cal checking of the conditions
of a facility.

c. Periodic work required to preserve or restore a facility that allows
it to be used for its designed purpose

d. Evaluation of various costs associated with the operation and repair
of a facility.

This manual contains definitions of various terns related to fire
protection systens and their maintenance

a. True b. Fal se
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CHAPTER 2. FIRE ALARM SYSTEMS

2.1 CGENERAL. The purpose of a fire alarm systemis to protect life,
property and the continuity of operations by giving early warning of a fire
so that occupants nmay evacuate the building and the fire departnent may be
notified.

Fire alarm systens generally fall into tw broad classifications: (1)
building or local fire alarm systenms and (2) base fire alarm systenms. Each
of these system types may also be coded or noncoded, using either line
voltage or low voltage electric power. The follow ng sections explain the
met hods of classifying the various types of alarm systens and describe the
general features or functions of each type.

2.2 BU LD NG ALARM SYSTEMS. A building or local fire alarm system provides
audi bl e and/or visual alarmsignals as the result of manual operation of a
fire alarm box or automatic operation of protective equipnent such as
sprinkler systens and heat or snmpke detectors.

Addi tional signal and energency functions can be added to buil ding alarm
systens, such as fire door closing and fan shutdown. However, it should be
noted that these add-on functions are not the primary purpose of the alarm
system

2.2.1 Building Alarm System Types. Building alarm systens may be |ocal,
or local with base alarm system connection. They may be coded or noncoded
and operate either on line voltage or low voltage electric power. Their
characteristics are described in the follow ng paragraphs.

2.2.1.1 Noncoded Alarm Systems. A noncoded al arm system has one or
more alarmindicating appliances to alert the building occupants of a fire
but does not tell the location or the type of device which has been
activated (manual alarm or automatic protection equipnment). The audible
and/ or visual alarm appliances operate continuously until they are turned
off, a predetermned time has passed or the systemis restored to nornal
status. The location or type of device originating the alarmcondition can
be determined by one of the follow ng nethods:

« No Annunci ation. Annunciation may be elimnated in small buildings
where a fire can be located easily. The building alarm signal
i ndi cates which building the signal originates from a specific
location of the fire is determned by search.

« Annunci ation at Control Unit. The annunciator helps locate the
fire or the originating device. Annunciation at the control unit
is frequently used in larger building systems that have several
al arm subsections, especially if there are several types of alarm
devices or if the building has areas not easily seen from a central
| ocati on.

2-1



An annunci ator consists of lights or other indicators on a fire alarm
control panel to show the point of alarmorigin. Each light represents a
protected area or zone of the fire alarm system (Figure 2-1). A graphic
annunci ator has lights on an area map to show location nore precisely.

FI GURE 2-1
CONTROL UNIT WTH ANNUNCI ATI ON

| Annunciation at a Renote Location. If the control panel cannot be
| ocated where it will be constantly attended, a renpte annunciator
can be placed in a reception area, telephone operator area, guard
shack, or other area where it can be observed. An annunciator nay
be located on the building exterior so it is easily accessible to
the fire departnent.

Each zone of annunciation is clearly |abeled on the renmpte annunci ator
to identify the protected zones (Figure 2-2).

FI GURE 2-2
REMOTE ANNUNCI ATOR  ( WEATHERPROOF)
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«Miltiple Annunciation. Some large fire alarm systens may require
annunciators in nore than one location, such as the telephone
swi tchboard, maintenance office, security office, or the main
entrance. Generally, fire alarm control panels with the annunciation
feature can be adapted to annunciate at multiple renote |ocations.
Each annunci ator may show identical information or a preselected
different set of zones night appear at each annunciator.

2.2.1.2 Coded Alarm Systems. A coded al arm system has audi bl e and/ or
visual alarm signals with distinctive pulsing or coding to alert occupants to
a fire condition and to the location or type of device which originated the
alarm  Coding the audible appliances nmay also be used to help distinguish the
fire alarm signal from other audible signals which nay be in use or to
encourage a nore orderly and disciplined evacuation of the building. A common
characteristic of coded alarm systens, nost especially of selective coded and
mul tipl ex coded systens, is that the coded alarm identification provided by
the audible alarm signals is not repeated continuously. Normally, after four
conplete repetitions of the coded signal, the coding process ends. Exanples
of coded alarm signals are given in the follow ng sections.

o« Master Coded. A naster coded |ocal alarm system prevents confusion
between fire alarm audible signals and other audible signals in the
building. Wen the systemis activated, a coding mechani sm or
electronic circuitry at the fire alarm control panel causes all the
building indicating devices to pulsate in a distinctive repetitive
pattern, identifying the signal as a fire alarm signal but does not
indicate where the fire is.

o« March-Tinme Coded. A march-time coded signal is one particular master
coded signal. Wen the repetitive pattern of the fire alarm audible
signals is arranged to sound in a pulsating, march-tine cadence
(approximately 120 pulses per minute), the signals are march-time
coded. March-time coded signals are sonetimes used for buildings
wi th heavy population densities, such as schools, to encourage
orderly, rapid evacuation of the building. Coding of the signals is
done by a coding mechanism or electronic circuitry in the fire alarm
control panel.

«Sel ective Coded. In a selective coded |ocal alarm system each alarm
initiating device has a coder or each device or zone is connected to
a separate coder at the fire alarm control panel. The coder causes

the alarm signals to pulsate in a distinctive repetitive pattern
which identifies the |ocation and/or type of alarminitiating
devi ce.

«Miultiplex Coded. Miltiplex coding uses wire or radio for signal
transm ssion and allows several signals to be transmitted and
received sinultaneously and/or sequentially, over the same
communi cation channel. The transmission method includes neans to
positively identify each signal. Miltiplex normally inplies the use
of conmputer based equi pment at the control unit.
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A large building system may use multiplexing to get a maxinum nunmber of
identified points (zones) with minimumwiring. Alarm initiating devices
nornal |y are wired to zone termnals in a local multiplex interface unit,
conmmonly called a data gathering panel. A multiplex control unit constantly
scans a nunber of interface units and obtains the coded zone status
information from these units

« Coded Signal Recorders and Displays. Coded signal recorders and
di splays provide a neans to identify and respond to a coded al arm
if the signal was not noticed or has stopped operating. The signa
recording devices provide a permanent record of all status changes
of all devices in the system A display presents the sanme
information temporarily, usually by neans of lighted nunbers and/or
letters. Many coded systems provide location information in the
coded signal as well as status information. The coded signal can
identify whether the detection device originating the signal is
telling the systemthat it is reporting an alarm a trouble or a
return to normal status.

Paper Tape Recorder. The paper tape recorder, or register (Figure 2-3)
has historically been used to record the pul ses produced by a coded al arm
transmtter. The recorder marks a status change of a coded al arm by
punching holes or printing ink dots on the paper tape. The nunber of holes
or dots indicates the code nunber- -and therefore the location--of the
alarm  The nunber of times the pattern repeats indicates the status of the
detection device (e.g. four repeats is alarm one repeat is trouble).

If one circuit is nonitored the tape is usually 1/2 inch wide;, if nore
than one circuit is mnitored, the tape is usually 3 or nore inches wide.
More details on this equipment are in the section on Signal Recorders, later
in this chapter.

Al pha- Nuneric Paper Tape Recorder (Printer). The Al pha-Nuneric paper
tape recorder is normally used only with the newer coded or nultiplex alarm
systens, “out they are available for retrofit on ol der types of coded alarm
systems .

FI GURE 2-3
PAPER TAPE RECORDER
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The Al pha-Nuneric recorder (Figure 2-4) is frequently used with sone
other tenporary means of alarm display, such as a solid state display or
cathode ray tube (CRT). The recorders provide a hard-copy record of alarns,
normal |y in an abbreviated alpha-nuneric form but sometinmes in full text
al pha-nuneric.  The nunber identifies the location of the device causing the
alarm and the nessage indicates the alarm status.

A typical display and/or printout would be “2.04.12 WIRFLOWN RST”
indicating that waterflow alarm number 2.04.12 has restored to a normal
condition (after a waterflow alarmy. The location is deternined froma
reference list arranged in nunerical order or froma cathode ray tube or
projected photographic slide display. Were a full text alpha-nuneric
format is used, all pertinent information is provided and the nunerical
reference list or display is not required. The paper tape used for the
printer is usually 3 inches or nore w de.

2.2.1.3 (Operating Voltage. Fire alarm systens are in two general
categories, determned by the voltage at which the systems operate--1ine
voltage and low voltage. Regardless of the operating voltage, a system nay
al so be noncoded or coded.

CGeneral ly, line voltage systens are used where only manual fire alarm
and evacuation signaling service are provided. Low voltage alarm systens,
especially those provided with battery standby power, are nost often found
where some formof automatic fire detection or automatic fire extinguishing
is connected to the alarm system However, recent conversion by nost alarm
system manufacturers to solid state electronic design, which is essentially
a low voltage direct current technol ogy, nmeans that nost recent
installations are of the |ow voltage type.

FI GURE 2-4
ALARM CONSOLE W TH ALPHA- NUVERI C RECORDER AND CRT DI SPLAY
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.Line Voltage Systems. Many ol der local alarm systens are powered
by AC power only with no provision for standby battery power. In
these cases, two separate AC circuits (usually 120/240 VAC) are
used; one to power the fire alarmsystemoperating circuits and the
other to power the trouble signaling circuits of the system In
case of alarm system power failure or other malfunction, an audible
and/ or visual trouble signal indicates the need to correct the
alarm system failure.

«Low Voltage Systens, Historically, low voltage direct current fire
al arm systens have been used with automatic detection. Today, nost
al arm systens are |ow voltage systens with a capability for standby
battery and battery recharging. Usually 24 hours of operating
capacity on battery power is provided.

2.2.1.4 Local Alarm Local Alarm System Wth Base Al arm Connecti on.
So far, the types of local fire alarmsystens which nay be encountered in
various buildings or facilities on a mlitary installation have been
di scussed. Sone systens are |ocal systens only but in the majority of
mlitary installations they are local systens with base alarm connection,
the distinction being as follows:

«Local System A local fire alarmsystem has audible and/or visual
alarmsignals that operate only in the protected building and does
not transnmit signals to a renote, continuously attended |ocation,
such as a fire station. These systens are frequently found at
mlitary installations. Such signals protect the lives of the
occupants, but property protection and protection for the
continuity of operations is only provided when people are in or
around the building to hear and react to the local signal.

o«Local System with Base Al arm Connection. A local (building) alarm
system can be equipped to activate an auxiliary alarmcircuit.
This circuit can be used to operate a renote signal transmitter
connected to the base alarm system Base al arm system signal
transmitters can also be connected directly to initiating devices,
such as waterflow alarm devices, which have no direct connection to
a local alarmsystem In either case, an identifying code is
transmtted to the base alarm systemreceiver, which is nornally
| ocated at the fire station.

2.2.2 Building Alarm System Conponents. Figure 2-5 shows how the basic
conponents of a local fire alarm system are interconnected. The devices in
the diagram are grouped for convenience in labeling. Physical |ocation and
zoni ng of devices vary for different applications and many systens do not
have all the devices shown.

2.2.2.1 Control Unit. The fire alarmcontrol unit provides
termination points for all initiating circuits, indicating circuits, renote
annunci ators, and other auxiliary devices. The control unit accepts |ow
current signals fromthe alarminitiating circuits and, through relays or
other circuitry, provides the larger current required to operate the alarm
i ndicating devices and/or auxiliary devices. The condition of the alarm
initiating and indicating circuit wiring is continuously nmonitored by the
control unit. Trouble indication is provided in the event of an abnormal
condition in the system such as an AC power failure or a wiring failure.
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The control unit is usually housed in a sheet netal cabinet (Figure
2-1). In larger systens it may be in a floor nounted console with a desk
work area (Figure 2-4). Accessory cabinets for termnal boards, renmpte
transmtters, and power supplies might be in a nearby, separate room from
the main control unit. The control unit usually provides annunciation of
signals (telling where a signal originates).

Traditionally, the control unit monitors the status and “knows” the
| ocation of actuated devices using electronic circuitry. In recent years,
conputers have been used to elimnate the need for custom designed
el ectronic circuitry. Conputers are used in hard-wired and nultiplex
syst ens.

State-of-the-art systens utilizing conputers as part of the control unit
on hard-wired systems address the needs of a specific building by the
software (conputer progranms). Referred to as “intelligent” or “addressible”
fire alarm system installers can, via the software, enable the conputer to
identify actuated initiating devices by location, monitor the sensitivity of
initiating devices (and indicate when the sensitivity has changed beyond

acceptable linits), initiate auxiliary features, etc.
— N M
: £ = ANNGNCTATO
o o R
= = = MANUAL FIRE 560 ORN
ALARM BOXES HORNS
WATERFLOW
SWITCHES BELLS
HEAT
DETECTORS CHIMES
SMOKE }% . A
FLASHING
C DETECTORS { ) S T TeRTS
FIRE ALARM
J| CONTROL |.
INITIATING UNIT ’ INDICATING
DEVICES 7 DEVICES
POWER
SOURCE
FI GURE 2-5

LOCAL FIRE ALARM SYSTEM DI AGRAM

Because all circuits termnate at the control unit, it is a convenient
test location. Test switches (if provided) are usually inside the |ocked
door of the control unit. Only, if the switches are key operated will they
be on the control unit exterior.
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Test switches may include audible alarm and trouble silencing swtches,
an alarmtest switch, and a drill switch. If an initiating circuit, a
device, or a control unit malfunctions and the audible alarm sounds, the
alarm silence switch at the control unit can be noved to the silence
position.

In addition, the normal sequence of actions required to restore the
alarm systemto its normal operating condition is shown in Table 2-1.

TABLE 2-1
ACTI ONS REQUI RED TO RESTORE ALARM SYSTEM
TO NORVAL OPERATI NG CONDI TI ON

Action Resul t
L. Operate alarm silence swtch Audi bl e alarm signals stop.
to the silence position. Audible trouble signals start.

2. Qperate trouble silence swtch Audi bl e trouble signals stop.

to the silence, position. Visual trouble indicator
i I'lun nates
3. Correct or repair malfunction. No change in indicators.
4, Restore alarm silence switch Audible trouble signals start.

to the normal position.

5 Restore trouble silence switch Audi bl e trouble signals stop.
to the normal position. Visual trouble indicator |ight
extingui shes.

If there is a test switch in the control unit, it sinulates an alarm
condition. QOperating the test switch causes audible signals to sound,
causes fan shutdown, ‘fire door closing, and transmission of an alarm signal
to a renote receiver, if these features are provided. Before operating a
test switch, be sure preparations for a test are made, including notifying
proper authorities to avoid undesired fire departnent response and
i nconveni ence or possible panic to the building occupants.

Adrill switch in the control unit sounds the alarm audi bl e signal
without activating any of the alarm system auxiliary features. The drill
switch is intended for use in fire drills.

2.2.2.2 Initiating Devices and Grcuits. An alarm device initiates
a fire alarm signal either as a result of manual operation, such as a manual
fire alarm station, or automatically, in the case of heat, snoke or
wat erfl ow detectors. Initiating devices, with rare exceptions, have
normal |y open contacts which close on an alarm condition. Nornally closed
devices are intended only for applications such as fan shutdown and fire
door closing or for use with municipal circuits (see Section 2.3.1).

The initiating devices nay be coded or noncoded. In coded fire alarm
systenms, the nost common initiating devices are nmanually operated fire alarm
boxes and waterflow transmitters. The coding device is usually driven by a
spring-wound escapenment mechanism  Manual fire al arm boxes are wound each
time the actuating handle is operated. Releasing the handle allows the
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mechanism to transmt the code. Waterflow transmitters are manual ly wound
with a key and are activated by a mechanical |inkage assenbly to transmit
the code when there is waterflow in the sprinkler system One or nore
noncoded manual fire alarmboxes or waterfl ow switches can be connected to
electrically activate one electric-notor driven coding device

A coded initiating device connected to a building fire alarm system
produces coded operation of the building audible and/or visual signals. If
no neasures are taken to prevent a clash of signals when two or nore coded
initiating devices are operated at the same time, the coding devices are

“interfering .* To avoid such a clash, the follow ng features may be
provi ded:
« Shunt Noninterfering. Figure 2-6 illustrates the shunt

noninterfering feature. Each coded initiating device on the
initiating circuit has a set of normally closed coding contacts
wired in series with all other coding contacts in the circuit. In
addition, each initiating device has a set of normally open,

cam operated contacts which close and remain closed while the
coding contacts are operating. These camoperated contacts perform
the noninterference function by shunting all coding contacts of
initiating devices connected electrically beyond the coding contact
which is operating. The last set of camoperated contacts at the
end of the initiating circuit performs no function and is not
usual Iy connect ed.

«Series Noninterfering. Figure 2-7 illustrates the series
noninterfering feature. Each coded initiating device has a set of
normal |y open coding contacts and the coding contacts for all the
devices on the circuit are connected in shunt (parallel). At the
end of the initiating circuit is an end-of-line resistor. In
addition, each initiating device has a set of normally closed
cam operated contacts which open and remain open while the coding
contacts are operating. These camoperated contacts are connected
so that, when open, they disconnect all coding contacts of
initiating devices electrically beyond the coding contact which is
operating. The last set of camoperated contacts at the end of the
initiating circuit perfornms no function and woul d usually not be
connect ed.

2.2.2.3 Indicating Devices. The purpose of an indicating device is
to alert people to the presence of an alarmor trouble condition. Alarm
i ndi cating devices in a building alarmsystem can be annunciators or audible
signals or a conbination of both.

« ANNUNCI ATORS.  Annunci ators give a visual indication of the “zone”

or general area where an alarm originates. In sone cases, the
annunci ator can be arranged to identify the individual initiating
device, such as a sprinkler waterflow alarm |n other cases, such

as heat detectors, many initiating devices may activate the sane
i ndi cator on the annunciator.

The annunci ator indicator can be operated directly by auxiliary contacts
inthe initiating device or froma connection to the fire alarmcontro
unit. A trouble or maintenance condition in the systemwring is also
frequently annunciated by zone. Usually, a yellow or anber |ight indicates
trouble and a red light indicates an alarm signal. |,
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An annunci ator may be incorporated into the fire alarmcontrol unit, in
which case it is generally actuated by connection to the control unit. It

may al so be located at a renote point,

in which case it may be actuated
either by the control

unit or by auxiliary contacts in the initiating
devi ces. Some installations may have a fire alarm control unit with an
integral zone annunciator and a rempte annunciator provided el sewhere
Frequently, the control unit standby battery is used to provide power for
annunci ator operation during power failures

Annunci ator visual indicators nay be the drop type or the lanp type
Drop type annunciators (which are essentially obsolete) use electromagnetic
devices to nmove a flag into or away froma wi ndow to indicate a change in
zone condition. Alanp type annunciator uses pilot |ight assenblies to
indicate an alarm or trouble condition (usually red for alarm amnber for
trouble). The npost common type of annunciator in use today is the |anp
type. Figure 2-2 shows a frequently used incandescent |anp annunciator.
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More recent annunci ator designs use matrices or arrays of
light-emtting-diodes (LEDs). The advantages of LEDs are |ow current, |ong
life and smal|l size, allow ng annunciation of many zones in a small space

« Audi bl e Signal Appliances. Any device that sounds an audible
signal is classified as an audible signal appliance. The audible
signal appliances nost frequently used in building alarm systens
are bells and horns. In addition there are chimes, cow bells,
buzzers, sirens, speakers, air horns and steam whistles. Audible
signals can be used to indicate either a fire alarmor a system
mal function (trouble) condition. The audible signal appliances are
connected to audible signal circuits for alarm or trouble
indication (depending on their function) at the control unit.
Figure 2-8 shows some of the commonly used audible signal
appl i ances.

FI GURE 2-8
AUDI BLE SI GNAL APPLI ANCES

Audi bl e signal appliances have varying levels of sound output. Louder
devices are for areas with high anmbient sound | evels or where the devices
cannot be located near the area to be warned. Hospitals might use softer
devices, such as chines, to avoid frightening patients.

Coded buil ding alarm systens normal |y use single-stroke versions of
bells or chines so the coded signal can be clearly produced. Vibratory
bells, chinmes, or horns are used for noncoded systens but can al so be used
in coded systems if the mechanism used can respond rapidly enough to provide
an accurate rendition of the code being transmitted. If audible signals are
used routinely, such as bells for announcing class periods in a school, the
fire alarmaudi bl e appliances nmust have a distinct, easily identified

sound. If the fire alarm signal is coded, the coding provides the
distinctive sound, and it is feasible (though not normal) to use the same
bells for both functions. In a noncoded fire alarm system necessary

distinction of the fire alarmsignal is obtained by using a conpletely
different type of audible signal appliance, such as a horn or siren

Some fire alarm systens sound a presignal alarm using only a few
audi bl e devices |ocated where they can be heard by persons in authority and
who are familiar with the building and its alarm system Wen the alarm
sounds, these persons can investigate the cause of the alarm and activate
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the general alarmif necessary. Activation of the general alarm signa
appliances in a presignal systemis usually acconplished by the use of a key
at the nearest manual fire alarm device or at the control unit. If the
alarmis triggered by a nonfire cause, the alarm system can be reset wthout
operating the general alarm signals. Sone presignal systens are arranged to
signal a general alarmautomatically after a time delay of a few mnutes if
the alarm system has not been restored to normal. The general evacuation

al arm signal appliances are usually separate and distinct from presigna
appliances and are |located so as to be heard and seen by all occupants of
the buil ding.

«Visual Signal Devices. Visual devices, such as lighted signs or
fire alarm strobe lights, are used in areas where either a high
anbi ent noise level exists or the building is occupied by
hearing-inpaired individuals. An area with a high anbient noise
level is one in which single or double hearing protection is
required.

2.2.2.4 Power Supplies.

« System Power Supply. Power supply refers to the circuitry and
conponents used to convert AC line voltage to | ow voltage AC or DC
for operating the alarm system and charging standby batteries. If
an older system has a dry cell, nonrechargeable standby battery (no
[ onger permitted by NFPA standards), the power supply usually
i ncludes switches for connecting the battery to the system when AC
power fails. Figure 2-9 is a sinplified diagramof a typical DC
power supply for powering a | ow voltage DC al arm system and
charging a rechargeabl e standby battery.

There are many variations of this basic power supply design which add
such features as voltage regulation, current limting and automatic high
rate/low rate charging, controlled by the state of battery charge. “Deep
cycling” may be required of N Cad batteries to conpletely recharge the
battery. Al designs normally provide current and voltage neters, pilot
| anps, and switches for manual control of charging rate

« Smoke Detector Power Supply. \Wen snoke detectors are used in an
alarm system their internal electronic circuits are usually
powered fromthe main fire alarm power supply. Sone types of snoke
detectors have a more strict power supply requirenent than other
parts of the fire alarm system especially with regard to purity of

the DC voltage level. The power supply for those smoke detectors
nmust have output voltage regulation and filtering not otherw se
required by the fire alarm system In those cases, the basic power

supply may be upgraded to power the snoke detectors as well as the
control unit, or a separate snmoke detector power supply may be used
in addition to the basic supply. |In either case, if the system has
battery standby, it is usually comopn to both power supplies.
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DUE TO FUSE F1, BURNING OUT OR ANY OTHER REASON, S1 OPENS AND S2
CLOSES, CONNECTING BATTERY B TO THE ALARM SYSTEM. FUSE, F2, PRO-
TECTS AGAINST ALARM CIRCUIT DEFECTS WHICH WOULD CAUSE A BATTERY
OVERLOAD DURING BATTERY POWERED OPERATION WHILE FUSE F1 PROTECTS
AGAINST A DEFECT IN THE POWER SUPPLY OR THE ALARM SYSTEM DURING
NORMAL A.C. OPERATION.

REMOVAL OF RESISTOR R ELIMINATES THE BATTERY CHARGING FEATURE
AND ALLOWS THE USE OF A DRY CELL BATTERY WHICH SITS IDLE UNTIL
A.C. POWER FAILS, AT WHICH TIME S1 OPENS AND S2 CLOSES, CONNECT-
ING THE BATTERY TO THE ALARM SYSTEM.

FI GURE 2-9
TYPI CAL DC PONER SUPPLY AND BATTERY CHARGER
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2.2.2.5 Auxiliary Devices. A building alarm system control unit
may have auxiliary contacts which operate auxiliary functions when an alarm
occurs. For auxiliary devices, the power source can be either the main fire
al arm power supply or line power, if battery standby power is not required
for the auxiliary functions. A failure of auxiliary functions should not
adversely affect the primary function of the alarmsystem which is to warn
the occupants of a threat of fire. For alarm system testing, one or nore
“bypass” switches are usually provided to allow systemtesting w thout
activating the auxiliary circuits. |f bypass swtches are not provided, it
may be necessary to nmake special arrangenents prior to conducting any
tests.

The following auxiliary functions can be controlled by the alarm system
activating base fire alarm system fan shutdown/start-up, fire door closure,
rel ease of extinguishing agent and el evator recall.

«Activating the Base Fire Alarm System The base al arm system can
be activated by auxiliary alarmcontacts connected to the
initiating circuit of a transmtter which is conpatible with the
base alarm system For nore detail refer to the section on base
al arm syst ens.

« Fan Shutdown/ Start-up. The auxiliary contacts for fan shutdown or
start-up are connected into the nmotor starter circuit for the HVAC
(heating, ventilation, air conditioning) fans. A separate set of
contacts is required for each fan that is to be affected.

It may be nore convenient to use an alarm voltage output from the
control unit to cause fan shutdown. A relay with nultiple contacts (a
multiple relay) for controlling multiple fans is |ocated near the notor
control center or the tenperature control panel. The relay coil is
energi zed by alarmvoltage fromthe alarmcontrol unit causing contacts to
open in the individual fan control circuits, stopping all the fans. Figure
2-10 shows a typical circuit for fan shutdown or other auxiliary functions.

«Fire Door Cosure. Door closure operation is usually controlled by
an electric door holder working with a mechani cal door cl osing
mechanism  Electric door holders may be either nornally energized
or deenergized. The nost conmon door hol ders are normally
energized and use an electromagnet, typically nmounted on the wall
or floor as a door-stop. A swivel nounted armature is mounted on
the door, positioned so it contacts the el ectronagnet when the door
is fully opened. During normal conditions, the door is held by the
el ectromagnet with a force of 20 to 25 pounds. Vhen a fire alarm
occurs, auxiliary contacts at the fire alarm control unit open,
removing power from the electromagnet and rel easing the door.
Figure 2-11 shows one of the nore common el ectronmagnetic door
hol der devices. Variations of door closure devices conbine the
el ectric door hol der nechani smand the nechani cal door closer unit
in a single package.
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FI GURE 2-10
TYPI CAL FAN SHUTDOMWN CIRCU T

FI GURE 2-11
ELECTROMAGNETI C DOOR HOLDER
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« Rel ease of Extinguishing Agent. Auxiliary alarmcircuits of the
fire alarmcontrol unit can release or activate an extingui shing
agent. The interface between the alarm and extinguishing systemis
usual 'y sonme form of el ectronechani cal device (such as a solenoid
val ve) which is energized by the alarm systemcontrol unit when
there is a fire alarm For nore detail see Chapters 6 through 11
on special hazard extinguishing systens.

« El evator Recal | . Upon initiation of a fire alarmsignal, nornal
el evator operation is interrupted by the alarm control panel. All
el evators are returned to a designated floor, with a secondary
floor selected if the initiated device is on the primary designated
floor. The primary floor is typically the ground or first floor.

2.2.3 Services for Building A arm Systens.

2.2.3.1 Manual Fire Alarm Service. Figure 2-12 shows a manual fire
station, which is also called a manual pull box, a manual fire box or a
manual fire alarm The photograph shows one alarm initiating device.
Typically, a manual fire alarm system includes many initiating devices.

The manual fire al arm devices provide
a neans of manually activating the
————fire alarm system and are used in all
types of fire alarm systens. They
may be the only initiating devices
provided or they may be used with
automatic initiating devices, such as
heat or smoke detectors.

Manual fire stations are generally
| ocated near main exits from a
building or froma floor of a
multi-story building and in certain
wor k areas containing unusual fire
hazards, val uable equipnment, or
records subject to fire damage.
Paint shops, aircraft repair areas,
computer roons and tel ephone

equi pnent roons are exanpl es of such
work areas.

FI GURE 2-12
MANUAL PULL BOX

2.2.3.2 Automatic Fire Alarm Service. Autonmatic fire alarmsystens
i nclude devices which initiate an alarmw thout any action on the part of
people. The automatic devices sense sone synptom or product of a fire such
as heat, smoke, infrared or ultraviolet radiation, or waterflowin a
sprinkler system
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Automatic fire alarmsystens are used to reduce property |osses
interruption of operations due to fire, and protect people in their living
working and sleeping areas. Heat detectors are probably the nost wi dely
used initiating device for general purpose automatic fire alarm systens.

General ly, snmoke, infrared and ultraviolet detectors are faster acting
than heat detectors. Fast acting detectors are frequently used in automatic
fire detection systens which incorporate an extingui shing agent rel ease
function to protect high value or highly conbustible storage and work areas,
such as conputer roons, aircraft storage and repair areas, explosive
processing areas, and telephone equipnment rooms. Chapters 6 through 11
describe sone of these special systens.

2.2.3.3 VWaterflow Alarm  Sprinkler systens may have a | ocal
audi bl e device, such as a water motor gong or electric bell, at the
sprinkler riser as well as a waterflow sensing device connected to the
building alarm system Detection of waterflow in an automatic sprinkler
systemis valuable for two reasons: (1) it speeds the sunmoning of aid in
fighting the fire; (2) in the case of a smaller fire which can be put out
entirely by sprinklers, it indicates that water is flowi ng into the building
so that when the fire is out the water can be stopped, keeping water danmage
to a mninum \Waterflow can be sensed by vane type or pressure type
switches or water diverted through a water notor gong. A local electrica
audi bl e device at the riser nornmally is electrically independent of the
buil ding alarm system

2.2.3.4 Evacuation Alarm  Evacuation alarns alert people to |eave
a building threatened by fire and/or notify building occupants to effect
manual fire suppression. Evacuation al arm systems have bells, horns, taped
messages and/or flashing lights to attract attention in the area. The
signals nust be distinctive so they are not mistaken for routine signals,
for exanple, audible signals nust be distinctly different from base kl axon
system audi ble signals. Frequently evacuation alarm systens have nmanua
fire stations as the only alarminitiating devices, although automatic fire
alarm systens can also be used as evacuation al arns.

Where fal se alarns may be a problem due to vandalism or other
unfavorable conditions, a presignal evacuation alarmmay be used to inform
key personnel, the fire brigade and the fire departnent of the fire alarm
In a presignal system if an actual fire is found, a key is used at the
manual station operated or at the fire alarmcontrol panel to operate the
evacuation alarm signaling devices throughout the building. |If no fire is
found, the fire alarmcontrol panel can be reset without evacuating the
bui | di ng.

In large buildings, evacuation alarnms may sound only on selected floors
or sections. Simlarly, taped nmessages may be formulated for a specific
section or floor of the building.

2.2.3.5 Sprinkler Supervisory Alarm Because of the critical
nature of sprinkler systens in the fire protection of buildings, it is
necessary to continuously monitor conditions which influence the
effectiveness of sprinkler systems. Valve position (open or closed)
buil di ng and water tank tenperatures (to avoid freezing), tank water |evel,
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air pressure in dry pipe systems, preaction systens and pressurized water
tanks, fire punp power and malfunction are nonitored by a sprinkler
supervisory alarm system Control units for sprinkler supervisory alarm
systens and fire alarmsystens are sinmlar and both are often incorporated
into the same control unit.

Sprinkler supervisory alarm initiating devices are swtches, just as
fire alarminitiating devices are. Normally open swtches which close upon
alarm are frequently used in end-of-line resistor circuits, though some
normal |y closed switches are used in normally closed loop circuits
However, the alarm initiating devices for sprinkler supervision nount
differently and sense different conditions fromfire alarminitiating
devi ces.

I ndicating devices for sprinkler supervisory alarnms are the same as for
fire alarns; i.e., horns, bells, chimes, buzzers, lights, annunciators
printers, and CRT and al pha-numeric displays and they are used in the sane
way as for fire alarms. Usually only one or two audi ble signal appliances
are used because the signal is a maintenance type alarm It is only used to
summon responsi bl e personnel to correct the abnormal condition. Figure 2-5
applies also to supervisory systens if appropriate initiating devices and
control unit are substituted. Figures 2-13 through 2-23 show some typica
sprinkler supervisory signal initiating devices. Figure 2-24 shows one of
the nore frequently used supervisory signal initiating circuits

2.2.3.6 Renmote Alarm Signaling. It is usually desirable to connect
buil ding al arm systens to a renbte receiving station where conpetent
personnel are always on duty who can take the proper action-to extinguish
the fire and evacuate the building if necessary or see that necessary
mai nt enance is conpleted. Mst fire alarmand supervisory alarmcontro
panel s have provision for connection to a renbte receiving station, usually
inthe formof auxiliary relay contacts which can be connected to operate an
alarm transnmitter.

FI GURE 2-13 FI GURE 2-14
0S&Y VALVE POSI TI ON 0Ss&Y VALVE PGCSI Tl ON
SWTCH (PLUNGER TYPE) SWTCH (LEVER TYPE)
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2.2.3.7 Interlock to Other Building Systems. In sone types of
buildings it is necessary to interlock the fire alarmsystemto other
bui I ding systens. Such interlocks are usually designed into fire alarm
systens for large buildings, densely populated buildings, or buildings with
special fire hazards. The fire alarm system nay provide for operation of

any of a nunber of auxiliary devices, described previously in section
2.2.2.5

FI GURE 2- 15 FI GURE 2- 16
LOW AlR TEMPERATURE PV POSITION SW TCH
SWTCH (PLUNGER TYPE)

ELECTRK?PROTECTTON

FI GURE 2-17
PIV POSITION SWTCH (LEVER TYPE)
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FI GURE 2-18
BUTTERFLY VALVE POSITION SWTCH (MAGNETI CALLY OPERATED)

FI GURE 2-19
BUTTERFLY VALVE POSI TION SW TCH ( MECHANI CALLY OPERATED)
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FI GURE 2-20 FI GURE 2-21
NON-RI SING STEM VALVE WATER LEVEL SW TCH
POSI TION SW TCH (FLOAT ACTUATED)

FI GURE 2- 22 FI GURE 2-23
LOW WATER TEMPERATURE GATE VALVE POSI TI ON
SW TCH SWTCH (PLUG TYPE)
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LAMP AND BELL. ACTUATING AN INITIATING DEVICE SHORT CIR-
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FI GURE 2-24
CLASS B SIGNAL INITIATING CIRCU T
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2.3 BASE ALARM SYSTEMs. As for any alarm system the purpose of a base
alarmsystemis the protection of life, property, and the continuity of
operations. By sending alarmsignals to a central receiving |ocation, which
is continuously staffed by trained persons conpetent to take necessary
action, the protection provided can be nore effective than that provided by
a nunmber of independent |ocal building alarms.

2.3.1 Classification of Base Fire Al arm Systens

2.3.1.1 Nornmal Conmercial Application of Equiprment. Base fire
alarm systens nmay have characteristics simlar to local alarm systems (i.e.
they may be coded or noncoded, line or low voltage, etc). However, they are
nost aptly classified by the normal conmercial application of the
equi pment .

o Muni ci pal Type Alarm System A nunicipal type alarm system
normal 'y provides manual fire alarmsignaling service over wring
owned and installed by the city. A city-owned facility, such as a
fire station, is the normal |ocation for the alarm nonitoring
equi pment . In a typical nilitary base application, in addition to
monitoring alarnms from manual fire alarm boxes |ocated on streets,
the system also nonitors the status of building fire alarm systens
and building fire extinguishing systens. A nunicipal systemis
al so characterized by the followi ng features:

1. It is a coded system with up to several hundred
transmtters connected on a single circuit. Each circuit
reports to base alarm headquarters and several such
circuits may be used at a single base.

2. Normal operating voltage of each circuit is 48 to 130 volts
DC and normal operating current is approximtely 100
mllianperes.

«Renmpte Station Type Alarm System A renpte station alarm system
normal 'y provides alarmsignaling fromautomatic al arm or
extinguishing systems in buildings. This type system does not
usual l'y provide manual fire alarmsignaling frommnual fire alarm
boxes located on streets and, in addition, the systemis normally
noncoded, providing pilot lanp or neter annunciation of the
bui I di ng where the alarm occurred. This system also has the
following additional characteristics:

1. Each noncoded alarm circuit normally operates on Iight
gauge (#22 through #26) telephone type wiring. This
wiring, in comercial applications, is |eased fromthe
t el ephone conpany.

2. One pair of telephone type wires is required for each alarm
circuit.

3. Each telephone line circuit normally operates at 12 to 48
VDC and at a current of from3 to 30 millianperes.
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eProprietary Type Alarm System A proprietary alarm system provides
signals fromvarious devices in a single large building or froma
nunber of smaller buil dings under a single ownership or managenent
to a continuously attended |ocation, controlled and staffed by
enpl oyees of the protected property. In normal conmerci al
applications, a proprietary alarmsystemcan only be connected to
nmoni tor signals from buil dings which are owned or operated by a
single conpany or owner. Proprietary alarmsystens are very conmon
at Air Force Bases.

The equi pment used in a proprietary systemmay be coded or noncoded,
line or low voltage, or may use telephone type or conventional house wring.
Transmi ssion of signals may be acconplished by tel ephone or conventional
house wiring or by radio transmtting equipnent.

«Central Station Type Alarm System Central station alarm systemnms
provide alarmsignals fromvarious devices in a single large
bui I ding or froma nunber of separate buildings to a continuously
attended |ocation owned and operated by an independent party. The
systemis nornally coded and up to 250 separate code transmtters,
located in up to 25 different properties, nmay be connected to a
single circuit. Several coded circuits can be nonitored at a
single central station. Comercially, this is the nost widely used
met hod of 24 hour alarm nonitoring systens. \Wen an al arm si gnal
is received, the central station notifies the fire departnent
responsible for the area where the building is located. O her
characteristics of this type system are:

1. It typically operates over telephone type” (#22 through #26
gauge wires) circuits leased from the tel ephone conpany.

2. Each circuit typically operates at 48 to 130 VDC at a
current of 3 to 10 millianperes.

2.3.1.2 Cassification by Method of Signal Transm ssion.

«Radio Call Box. A radio call box systemis sinmlar to the

muni ci pal type system previously described in terms of the purpose,
| ocation of boxes, and auxiliary building alarms.

The main distinctive features of a radio call box systemare the nethod
of signal transmssion (radio), the redundancy requirenents for receivers at
the comruni cation center (two conplete receiving equi pment sets), the
testing features required, and the sophisticated signal coding used.
Interface panels nay be required as the means of connection between the
initiating circuits and the radio transnitter.

o« Mul tiplex. Mul tiplexing is a signaling method which uses
si mul t aneous and/or sequential transm ssion and reception of
miltiple signals on one circuit or comunication channel. Coding
provides positive identification of each signal. Figure 2-25is a
bl ock diagram of a multiplex alarm system

2-25



ALARM FAN ALARM INDICAT-
INDICATING . CONTROL ING DEVICES
DEVICES (BELLS) PANEL (PRINTERS,

ANNUNCIATORS,

CRT AND ALPHA-

NUMERIC DISPLAYS
FAN SHUTDOWN SIGNAL

POLLING BY CONSOLE

REPLIES
ALARM DATA AND REPL ALARM
........... ~ GATHERING | ) CONSOLE
INLITLATING
DEVICES PANEL COMMANDS (SUCH AS RING
BELLS AND SHUTDOWN FANS)
DISCONNECT BATTERY (OPERATOR |
WITH FUSES OR AND
BREAKERS CHARGER
i
120 vac 19N ~ICOMPUTER
1LY —_— " T
MAIN BUS vac
R
— EFRGECY
DATA :
GATHERING
DANEL
NOTE: ALARM CONSOLE MAY
7N ] INCLUDE SLIDE PROJECTOR,
| | S PRINTER, CRT DISPLAY,
120 vac | KEYBOARD, ANNUNCIATOR,
MAIN BUS: ETC, ‘
N
—
DATA
GATHERING
PANEL
1')” \Y Y. Wal ;
LU VAL -
MAIN BUS
FI GURE 2-25

MULTI PLEX ALARM SYSTEM BLOCK DI AGRAM

2-26




Mil tipl ex systens can be of the proprietary or central station type,
depending on the Underwiters’ Laboratories listing of the equipnent used.
General ly, equipnment listed for central station use can be used for either
application while equipment |isted for proprietary use can only be used for
proprietary applications.

eHard-Wred. Hard-wired systens are the same as nunicipal and
central station types.

« Tel ephone Alarm Type (Automatic Dialers). Autonmatic dialers use
exi sting tel ephone circuits to actually place a telephone call to a
fire comunication center.

If permitted by the local authorities, an automatic tape dialer makes
the call to the fire emergency nunber. A tape recorded nessage to the
effect that “There is a fire in progress at 123 Elm Street,” is played over
the telephone to the fire dispatcher. The message is repeated several tines
and then the automatic dialer hangs up.

For an automatic digital dialer, an unlisted tel ephone nunber is set
aside for exclusive use in receiving alarm nessages at the fire
communi cation center. A special receiver is installed which answers the
calls, converts the coded nessage to a display and/or printout identifying
the |l ocation sending the message, the type of alarm (fire, burglar, nedica
energency, etc.) and the tine received. The total tine fromanswering the
call to hanging up is much shorter for the digital dialer than for the tape
dialer. Many dialers would be arranged to call one receiver in an
established alarm system

2.3.1.3 Cassification of Base Alarm Systens According to the NFPA

eMinicipal Fire Alarm Systens. According to NFPA 1221-1984, a
nmunicipal fire alarmfulfills “two principal functions: that of
receiving fire alarns or other energency calls fromthe public and
that of retransnitting these alarm and energency calls to the fire
compani es and other interested agencies”.

«Renpte Station A arm Systens. I n NFPA 72C-1986, a renote station
alarmsystemis defined as “. . . a systemof electrically supervised
circuits enploying a direct circuit connection between signaling
devices at the protected premnmises and signal receiving equipnent in
a rempote station, such as a nunicipal fire alarmheadquarters, a
fire station, or other |ocation acceptable to the authority having
jurisdiction.

eProprietary Alarm Systens. A proprietary alarmsystemis described
in NFPA 72D-1986 as: “A protective signaling system under constant
supervision by conpetent and experienced personnel in a central
supervising station at the property protected. The system includes
equi pnent and other facilities required to pernit the operators to
test and operate the system and, upon receipt of a signal, to take
such action as shall be required under the rules established for
their guidance by the authority having jurisdiction. The system
shall be maintained and tested by owner personnel or an
organi zation satisfactory to the authority having jurisdiction.”
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«Central Station Alarm Systems. In NFPA 71-1985, a central station
alarm systemis “A system or group of systems in which the
operations of circuits and devices are signaled automatically to,
recorded in, maintained, and supervised from an approved central
station having conpetent and experienced observers and operators
who shall, upon receipt of a signal, take such action as shall be
required by this standard. Such systens shall be controlled and
operated by a person, firm or corporation whose principal business
is the furnishing and maintaining of supervised signaling service.”

2.3.2 Base Alarm System Conponents.

2.3.2.1 Signal Transmitters. A comon fire alarmtransmtter is
the telegraph type with ground connection, conmmonly known as the MCull oh
transmtter. The MCulloh coded fire alarmtransnmitters are frequently used
for automatic fire alarm systems. The MCulloh transmitter is found in nany
other forms, often in conbination with initiating devices, such as manual
fire stations and waterflow switches. The McCulloh transmitter sends a
coded series of pulses which identifies the particular transmtter.

Base alarm systenms also use reversal transmitters. The transmitter
causes the DC polarity (plus and mnus) of a pair of wires to be reversed
from the normal condition for the alarm condition. Figure 2-26 shows a
typical reversal (relay) transmtter schematic. Receiving equi prent and
tel ephone lines required for this (reversal) type transnitter are different
from the equipnent and tel ephone lines required for MCulloh system

The data gathering panel in a nultiplex type system may be considered an
alarm transmitter. It is the means of sending the alarm information from
the vicinity of the alarminitiating devices to the main alarmreceiving
console.  The data gathering panel continually scans the initiating device
circuits connected to it and tenporarily stores any change in device
status. The alarm console, neanwhile, is continually scanning the data
gathering panels for changes in status. On the next scan after the change
in status, the alarm console picks up the stored information from the data
gathering panel. The data gathering panel is sometimes called a transponder
to nore accurately describe the transmit and respond functions.

2.3.2.2 Signal Receiving Facilities. The equipnent installed in a
receiving facility varies, depending on the exact type of base system but
certain characteristics of the receiving facility are common to all the
types of base systenms. The alarmreceiving equipnent is normally powered by
AC line voltage with a secondary power source to provide at |east 4 hours of
equi pment operation if the AC power fails. A continuously avail able
generator nmay take the place of the rechargeable batteries.

Usual Iy the communi cation center is located in a fire station with
direct tel ephone and radi o conmmuni cations with other fire station(s) served
by its comunications facilities. \Wen received, fire alarns may directly
ring bells in the living and working areas of the fire station(s). Detailed
information on location, type, and size of fire is announced over a paging
system and/or radio to the firefighters as they nove to the trucks and as
the trucks nove toward the fire.
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FI GURE 2-26
CLASS B REMOTE SIGNALING CIRCUT

2.3.2.3 Signal Receivers. Alarmreceiving equi pnent processes the
i ncom ng signal and changes it to a formwhich can be used by the signal
recording device or conputer, if used. Depending on the sophistication of
the receiving equipment, jt pmy autonatically display varying degrees of
detailed information.  Generally, the multiplex or radio call box type
system coupled with a conputer, automatically displays the detailed

information, MCulloh systems al so have been coupled with conputers, which
autonmatical ly decode the pul sed signal and display appropriate energency
i nformation.



« McCul |l oh and Munici pal Type
Receivers. MCulloh and municipal type
receivers are simlar. The receiver
consi sts of a cabinet containing relays
and switches to accomodate the types of
circuit faults that night occur, paper
tape registers for recording signals,
indicator lights and audible signals to
show that a signal is coming in or AC
power is lost, and a nmeter to indicate
current in the transmssion circuits. The
cabinet may serve up to 12 circuits and
the meter may be switched fromone circuit
to another for testing. Figure 2-27
illustrates a typical set of MCulloh
receiving equiprent.

-7'
FI GURE 2-27
MCCULLCH SI GNAL RECEI VI NG EQUI PMENT

«Radio Call Box Receivers. A radio call box receiver incorporates a
radi o receiver and signal processor for decoding radio signals.
When this type systemis the nmain or only base fire alarm system
provided, the receiver and associated visual display, printer,
audi ble signals, control sw tches, power supply, clock, standby
battery, charger, signal strength neter, and menory unit are
normal |y nounted in a console or cabinet assenmbly.  Some
conmponents, such as battery and charger might be housed in a
separate cabinet or room The main receiving antenna i s nounted
separately at sone high point in or on the building to obtain
maxi mum |ine-of-sight signal strength. Figure 2-28 shows a typica
radio call box receiver console incorporating two conplete
receivers

The display, which provides information on the |ocation and type of
alarm information nmay be of the graphic or al pha-nuneric type. The nenory
unit stores addresses identifying nunbers for all the boxes in the system
When a signal is received, it is conpared with menory information to
deternmine if the signal is a valid one froma known call box. The menory is
al so used once a day to deternmine if any call boxes failed to transmt the
required daily test signal; or reported a |ow battery or other trouble
condition. Depending on the equi prent manufacturer, the test signal nay be
initiated by a tiner in the call box or it may be commanded by the receiving
consol e in systens which are conputer based (in which radio boxes and the
base station are actually transmitter/receivers). Printers maintain a
permanent record of all signals and acknow edgments of signals.
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In order to satisfy NFPA 1221, a conplete redundant set of receiving
equi pment is required as a backup. Both sets nust be continuously
operating, except during the energency repair of one set.

« Miltiplex Receivers. A multiplex
receiver is physically sinilar to the
radio call box receiver. Frequently
, ‘ a nultiplex receiver will also have

, s Y an associ ated keyboard and CRT.

e sus wids (Figure 2-4 shows a typical

o : installation. ) The keyboard is used
to enter new energency infornmation
into the console nenory. Control
switches can be used to request
cinformation on a particular zone,
which is then displayed on the CRT or
projected on a screen by a slide
projector. Miltiplex systems also
have annunci ation and al pha-nuneric

di spl ays. However, unlike radio call
box systens, daily test signals are
not required in nultiplex systens
since the receiving equiprment is in
al nost constant contact with the data

FI GURE 2-28 gathering panels. Printers are
RADI O CALL BOX SI GNAL generally used with multiplex systens
RECEI VER CONSOLE to obtain a pernanent record of date

and time the-signals are received and
a record of acknow edgnents of
signal s.

«Rempbte Station Receivers. Renpte station receivers are
characterized by small nodules, each of which corresponds to an
al arm signal source. Each nodul e has indicator lights and/or a
neter to indicate alarm normal, and trouble conditions. The power
supplies for the individual signals are usually located at the
signal sources, so the only power supply required at the receiver
is for operating indicator lights and a comon audible signal
devi ce.

2.3.2.4 Signal Recorders. Through the last 40 to 50 years, signal
recorders have devel oped tremendously. Some of the earliest nodels are
still in operation, so a wide range of types is found in existing base alarm
syst ens.

The McCull oh tape register is one of the nmore w dely used signal
recorders in existing systenms. Some of the ol der nodels use a spring wound
motor to nove the paper tape through the recorder. A hole is punched in the
tape for each pulse of the coded signal. Newer npbdels use electrical neans
to nove the paper tape through the register and the pulse nmarks are
generated by solenoid action. For each pulse, the solenoid may cause a
wiggle in a line drawn by a pen, print a spot, or punch a hole in the paper
tape. Regardless of the type, the used portion of the tape is usually
stored on a notor-driven take-up reel. Some registers record the signals
for a number of separate circuits on the sane tape.
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Several types of printing recorders are used in larger systenms. The
| arge number of signals received makes the sinpler, one circuit tape

registers inpractical because of the excessive amunts of paper which woul d
be used.

2.3.2.5 Power Supplies. Nunerous power supplies are associated
with the base alarm system Mst of these will be small power supplies at
the protected sites, used for powering the individual alarm transnmtters
for tripping a local-energy-trip type municipal transmitter, or for powering
renote signaling circuits. In addition, a larger power supply is needed at
the alarmreceiving location for powering the receiver(s) and ot her

equi pnent essential to the alarmreceiving and fire equi pnent dispatching
operation.

o« Power Supplies at the Protected Building. At the protected
bui I ding, individual itens of equi pment may have separate power
supplies or all power may be provided by the local fire alarm
control panel power supply. Frequently, the power supply for the
individual transmitter or renote signaling pair of wires is a
rechargeabl e, sealed nickel-cadmium or |ead-acid battery which
powers the load through a current-limting resistor. The battery
charge is maintained by a sinple charging circuit which constantly
“trickle-charges” (low rate constant current charging) a
ni ckel -cadm um battery or “float charges” (constant voltage
charging in which the current tapers off to zero) a |lead-acid
battery.

Electrically powered code transmtters may al so have a trouble signa
power supply, simlar to the main supply, which insures that a trouble
signal is transmitted in case of failure of the main supply. Cenerally,
secondary power supplies at the protected building are designed to provide
24 hours of operation if the AC power is disconnected

«Receiving Station Power Supply. The fire alarmreceiving station
has primary and secondary power. Primary power is a reliable
comercial (AC) power source or an engine driven generator.
Secondary power may be storage batteries with rectifier/charger.

If both types of primary power are available, the battery capacity
nmust be sufficient to operate the system under maxi mum normal | oad
for four hours. If the generator is not available, the battery
capacity nust be increased to allow operation for 24 hours

There are many other allowed conbinations of primary and secondary power
sources, described in NFPA Standard No. 72D. Mintenance and testing
aspects for all conmbinations are essentially the sane.

2.3.3 Services Provided by Base Al arm Systens.

2.3.3.1 Monitoring Fire Alarm Signals. The primary purpose of the
base fire alarmsystemis to nonitor fire alarmsignals and relay the alarns
to the affected fire station(s). Base systemnonitoring of signals is nore
effective than a purely local audible fire alarm especially during
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nonwor ki ng hours. The operators/dispatchers receiving the alarmare trained
persons, conpetent to take necessary action. Local alarns, if noticed, my
be received by an untrained passerby who may take inappropriate or

i neffective action.

2.3.3.2 Mnitoring Fire Trouble Signals. Fire trouble signals
indicate problens in local fire alarmsystens which could reduce their
effectiveness or render them inoperative. Pronpt action to correct the
problem is necessary in order to restore fire alarm protection. Fire
trouble includes circuit and equipment faults and power failure.

2.3.3.3 Mnitoring Sprinkler Supervisory Signals. A sprinkler
supervi sory signal indicates that an abnormal condition exists which may
impair the effectiveness of sprinklers. Some type of nmaintenance action is
required in order to correct the condition and restore the sprinkler
systenm(s) to full effectiveness. |f the supervisory devices were carefully
identified at installation, the maintenance person dispatched can be fully
prepared to correct the abnormal condition causing the signal.

2.3.3.4 Monitoring Gher Signals. Sonetimes security alarns and/or
medi cal energency alarnms are connected to produce signals at the sane
receiving facility as fire, fire trouble, and supervisory signals. |If two
or nmore signals originate at the sane |ocation, sone plan for establishing
priorities and elimnating confusion of signals is necessary.

2.4 SUPERVI SED CIRCUITS. Because of the critical nature of fire alarm
systens, a feature known as “electrical supervision” has been designed into
these systems. Alarmsystens nust be in service at all tines; electrical
supervi sion causes a warning (trouble) signal that sone potential or actual
el ectrical problem exists in the alarm system This trouble signal is
clearly distinguishable froma fire alarm signal.

2.4.1 dasses, Types, and Applications Supervision. There are several
met hods of circuit supervision used in fire alarm systenms. The particul ar
met hod used nay depend on the type of fire alarmsystem (nunicipal, |ocal,
proprietary, etc.), type of circuit (signaling or initiating) and desired
capacity of the circuit (in terms of number of devices or zones connected by
the circuit). The variety of circuit supervision nethods can be grouped
into three categories, based on circuit performance despite the presence of
an abnormal condition, such as single open, ground or wire-to-wire short.

Category 1: Grcuit indicates trouble when abnormal condition is
det ect ed.

Category 2: Circuit indicates trouble when abnormal condition is
det ect ed. Alarm transmission/receipt nmay be possible.

Category 3: Grcuit indicates trouble when abnormal condition is
detected. Alarm transm ssion/receipt still possible.

Category 1 circuits have traditionally been referred to as Cass B
circuits. Recently, NFPA 72D refers to “Styles” rather than “C asses”. For
proprietary signaling system for which NFPA 72D is applicable, a category 1
circuit is either Style Ain the case of an initiating device circuit, (IDQ
or Styles 0.5 and 3.5 if a signaling line circuit (SLC).
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Category 2 circuits are a conbination of traditional Class A and Cass B
circuits. For proprietary signaling systems, IDC Styles B and C and SLC
Styles 1, 2, 3, 4 and 4.5 are all category 2 circuits. Finally, category 2
circuits, have been traditionally referred to as Class A circuits. NFPA 72D
now i dentifies the category 2 circuits as Styles D and E for IDC s and
Styles 5, 6 and 7 for SLC s.

Since circuit types are already referenced as “C asses” and “Styles” in
NFPA docunents and other publication use of “Categories” as a third nmeans of
designation for this manual would only add to the confusion. Thus , circuit
categories will be as Class A or B for the purpose of this mnual. This
designation is used due to the traditional and w despread acceptance of this
termnol ogy. Those individuals working solely on proprietary signaling
systens should refer to the discussion imrediately preceding this paragraph
to convert from the “Class” designation to “Style”. The sinplest of the
nmore commonly used circuits is the Class B circuit and it is discussed
first.

2.4.1.1 Cass B Supervision Applications. A Cass B supervised
fire alarmcircuit provides a warning trouble signal if a fault occurs in
the circuit and may not function for its original alarmpurpose until the
fault is corrected, depending on the location and type of fault.

elnitiating Circuit. Figure 2-24 shows a typical Cass B alarm
initiating circuit. A continuous snall electrical current,
supplied by the fire alarmcontrol panel, flows through the series
| oop forned by one side of the initiating circuit, the end-of-1line
resistor, and the other side of the initiating circuit as indicated
by the arrow. The fire alarmcontrol panel reacts to this constant
low current as a no-alarm or normal condition.

Under normal conditions, the alarmand trouble relay coils have the sane
| ow val ue of supervisory current flow. For the alarmrelay, this value is
i nadequate to close its normally open contacts. The trouble relay is nore
sensitive and is energi zed by the supervisory current and the normally
cl osed contacts are held open. |f the supervisory current drops to zero
because of a broken wire anywhere in the initiating circuit, the trouble
relay is deenergized and its contacts close, causing an audible and visua
troubl e signal

If no wires are broken, closing the contacts of an initiating device
provides a |ow resistance current path, short circuiting the end-of-1line
resistor and increasing the alarmrelay coil current. The alarmrelay is
energized, closing its contacts and ringing the alarm bells. Continued fire
alarmoperation with a broken wire depends upon the |ocation of the break
and the actuated initiating device

«Renpte Signaling Grcuit. Figure 2-26 shows a Class B renpte
signaling circuit, comonly used for fire department connection to
i ndividual building alarm systems. The alarmtransmitter can
either be part of the fire alarmcntrol cabinet or be operated by
it. Figure 2-26 shows the no alarm condition.
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[f, instead of an alarm one of the two tel ephone wires is broken, the
supervising current supplied by the transmtter will drop to zero closing

the receiver nodule relay contacts, lighting the [amp and sounding the
buzzer. The neter indication will be zero, marked on the neter face as
trouble. If a telephone wire is broken before an alarm condition occurs,

the reversal of voltage by the alarmtransmitter will not change the “no
current” condition at the alarmreceiver and no alarm will be caused. The
trouble condition will continue until the broken wire is repaired.

elndicating Circuit. Figure 2-29 shows a O ass B alarmindicating
circuit. During normal conditions a small current flows constantly

through the loop formed by the two sides of the circuit and the
end-of -1ine resistor.

: END-OF-LINE
+ RESISTOR —
. > / > E§ _ i
SUPERVISING CURRENT pl D2 Y
SUPPLIED BY CONTROL UNIT POLARIZED L
AT ALARM OUTPUT TERMI- AUDIBLE , %E
NALS APPLIANCES
\'«
| < /\ €
A / \ < / N\
TROUBLE<
RELAY ~ <~ X TROUBLE RELAY CONTACTS (NORMALLY CLOSED)
colL i
D TROUBL TROURLE
TO TROUBLE — LAMP BELL -

POWER SUPPLY

NOTE: POLARITY AND CONTACTS ARE SHOWN IN THE NO ALARM CONDITION.
DIODES D1 AND D2 ARE INCORPORATED IN THE AUDIBLE APPLIANCE HOUSINGS.
THE END-OF-LINE RESISTOR IS MOUNTED AT THE LAST AUDIBLE APPLIANCE
AND CLEARLY MARKED. CURRENT THROUGH THE AUDIBLE APPLIANCES IS
BLOCKED BY THE DIODES D1 AND D2. THE TROUBLE RELAY IS ENERGIZED

WITH THE SMALL SUPERVISORY CURRENT, HOLDING THE TROUBLE CONTACTS
OPEN.

FOR AN ALARM, THE ALARM OUTPUT VOLTAGE FROM THE CONTROL UNIT IS
REVERSED BY THE SAME METHOD AS SHOWN IN FIGURE 2-26. DIODE D3
PROVIDES A HIGH CURRENT FOR ACTIVATING THE AUDIBLE APPLIANCES
BYPASSING THE CURRENT LIMITING INFLUENCE OF THE TROUBLE RELAY COIL.

FI GURE 2-29
CLASS B ALARM | NDI CATING CIRCU T

For an alarm condition, the voltage and current supplied by the fire
alarmcontrol panel reverse and the current is no longer limted to a small
“supervising” current. Current flows through the polarized audible
appl i ances now as well as the end-of-line resistor and the audible
appl i ances sound the fire alarm
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As in the circuit in Figure 2-26, if one of the circuit wires is broken
during otherwise nornal conditions, the supervising current stops and a
trouble condition is indicated at the fire alarm control panel. Also, as in
the other Class B circuits, the portion of the circuit beyond the broken
wire (in this case, the audible devices beyond the break in the wire) wll
not operate in the event of an alarm

2.4.1.2 Cass A Supervision Applications. A Cass A supervised
fire alarmcircuit provides a trouble signal and continues to operate as an
alarmcircuit after one fault has occurred in the wring.

CONTROL UNIT

e T T T T =
| | ALARM INITIATING CIRCUIT
()
| VA
| A F_J:Tl} SUPERVISORY CURRENT PATH >
I t
| POINT A—
N I | i KNk
| I | \/ ALARM M TROUBLE
| END-OF-| = INITIATING INITIATING
POWER  |LINE CONTACTS—A CONTACTS
|| supPLY [RESIST-I4 |
I
I - e ‘
T2
| N
l AV
| BH

® AND -~ ALARM INITIATING CIRCUIT TERMINALS IN CONTROL UNIT
[A]- ALARM (SHORT CIRCUIT) SENSITIVE RELAY COIL
(T]- TROUBLE (OPEN CIRCUIT) SENSITIVE RELAY COIL
T1 AND T2 ARE CIRCUIT CONDITIONING CONTACTS OF THE TROUBLE RELAY

NOTES : CONTACTS ARE SHOWN IN THE NORMAL OPERATING CONDITION, A
BREAK IN THE WIRING AT POINT A CAUSES ONE SIDE OF THE ALARM
INITIATING CIRCUIT TO BECOME ISOLATED FROM THE END-OF-LINE RESISTOR.
A TROUBLE SIGNAL RESULTS, AND CIRCUIT CONDITIONING (TROUBLE) RELAY
CONTACTS T AND T2 CLOSE. THIS CONNECTS THE SIDE OF THE ALARM
INITIATING CIRCUIT, WHICH WAS ISOLATED BY THE BREAK, TO THE END-
OF-LINE RESISTOR, AN ALARM CONTACT CLOSURE SHORT CIRCUITS THE
END-OF-LINE RESISTOR AND CAUSES AN ALARM SIGNAL. TROUBLE INITIAT-
ING CONTACTS ARE OPENED BY ABNORMAL CONDITIONS SUCH AS LOSS OF
SMOKE DETECTOR POWER OR AN OPEN WATERFLOW DETECTOR COVER.

FI GURE 2-30
CLASS A ALARM INITIATING CIRCU T
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. Initiating Grecuit. In Figure 2-30, a typical Cass A alarm
initiating circuit is illustrated. A continuous supervisory
current supplied by the fire alarmcontrol unit flows through the
two circuit loops (circuit |oops are shown as the wring between
termnals A and A and terminals B and B. Al four termnals are
located at the fire alarm control unit). Typically one A and B
pair of terminals are the “feed” or “supply” pair for the
initiating circuit. If the outer A and B ternminals are the plus
(+) and minus (-) supply pair, respectively, the inner A and B pair
are the “return” pair. Typically, a trouble relay coil in the fire
alarm control panel is energized by the supervisory current. If a
wire in the A loop breaks, the trouble relay is deenergized,
causing two results: (1) audible and visual trouble signals occur;
(2) the damaged circuit is automatically conditioned so that the
total circuit is still active as an alarmcircuit. Al alarm
initiating devices are still effective if alarm conditions occur.
Wth a broken wire in the A loop, both ends of the A |oop becone
plus (+) feed or supply ternminals. There is no longer an A | oop
return termnal, since current cannot flowin the Aloop with the
broken wire.

If alarm conditions occur, any one of the initiating device switches
could close, a current path between A (+) and B (-) |oops would occur, and
the fire alarmcontrol unit would react by soundi ng audi bl e appliances
and/or transmitting a fire alarmsignal to a renote receiving station.

. Renmote Signaling Crcuit. It is also frequently desirable to have
the Cass A characteristic in a circuit for connecting a buil ding
fire alarmcontrol panel to the fire departnent or to sone other
alarm receiving point. Figure 2-31 shows a typical sinplified
Cass A rempte signaling MCulloh circuit. It is simlar to the
Cass A initiating circuit. The main differences are the use of
earth ground by the McCulloh circuit for one of the circuit |oops
and the use of coding to identify which building is producing the
alarm Oherwise the Class A operation is the sane.

In an actual installation, a second circuit |oop may be substituted for
earth ground. The use of earth ground reduces the quantity of wre
required, since the earth is actually used as an electrical conductor
between the alarm transmtters and the receiving station. The identifying
code of each transmitter is produced by rotation of a code wheel with a
uni que nunber or sequence of groups of teeth which operate the coding
contacts. The alarmis received as a series of pulses which identify the
location of the transmitter.

elndicating Circuit. Figure 2-32 shows a Cass A Alarm Indicating
Crcuit. It is quite simlar to the dass B version shown in
Figure 2-29. The Oass Acircuit has all the bells polarized and
the supervisory current operates a relay in the fire alarmcontrol

panel. The relay, connected to the return termnal, deenergizes if
a wire breaks and causes the audible and visual trouble signals.
Bells on both sides of the break are still operative. This

conditioning to keep the bells operative is simlar to that for a
Cass A fire alarminitiating circuit.
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2.4.1.3 Series Normally Cosed Circuit Supervision. Series
normal Iy closed circuits are not usually found in recently installed fire
alarm systens, but nany of these circuits are in ol der systens. Normally
closed series initiating circuits for the municipal shunt trip box or
transmitter and sone series manual box circuits for directly shutting down
fans and closing fire doors are still being installed in new systens.
Exanpl es of the older series initiating circuit and indicating circuit are
descri bed here.

BUILDING #1 BUILDING #2 BUILDING #3
TRANSMITTER  TRANSMITTER TRANSMITTER

d )d g )
>/ S O

! | !
MCCULLOH (FEED | I |
’ RECEIVER = o1l o0——0-l0 oLo-
BATTERY — ! R_ £ £
CHARGER — IR i I P
_ ) T = 5 |
et
~=GROUND (.
KEITURN

NOTE: MCCULLOH RECEIVING LOCATION HAS CONTINUOUS A.C. POWER SOURCE, STANDBY
BATTERY AND CHARGER AND/OR EMERGENCY GENERATOR, RECEIVING EQUIPMENT HAS
SIGNAL RECORDER(S), RELAYS AND SWITCHES FOR RECORDER CONTROL AND CIRCUIT
CONDITIONING, INDICATING LAMPS, BUZZERS AND METERS)

A SINGLE FAULT ON THE SIGNALING CIRCUIT (OPEN OR GROUND) CAUSES A TROUBLE
SIGNAL AT THE RECEIVER, OPERATION OF A SELECTOR SWITCH TO THE PROPER POSITION
SILENCES THE TROUBLE SIGNAL AND CONDITIONS THE SIGNALING CIRCUIT SO THAT

ALL SIGNALS CAN STILL BE RECEIVED, THE TYPE OF FAULT IS INDICATED BY THE
SWITCH POSITION WHICH SILENCES THE TROUBLE SIGNAL,

DURING AN OPEN CIRCUIT FAULT, TRANSMITTERS PRODUCE CODED PULSES BY MAKING
MOMENTARY CONNECTIONS BETWEEN THE UNGROUNDED "HOT" LOOP AND GROUND,

DURING A GROUND FAULT, TRANSMITTERS PRODUCE CODED PULSES BY MAKING MOMENTARY
BREAKS IN THE HOT LOOP CONNECTION TO THE GROUND FAULT,

FI GURE 2-31
CLASS A REMOTE SIGNALING CIRCU T (MCULLOH)

. Initiating Crcuit. The series nornmally closed initiating circuit
is not recomrended or approved by generally accepted listing
agencies for fire alarmuse. This circuit does not distinguish
between circuit trouble and a fire alarm both conditions cause a
fire alarm signal because the opening of normally closed contacts
i's indistinguishable fromopening of the circuit due to a broken
wire. Figure 2-33 shows an exanple of the circuit.
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NFPA standards require initiating circuits to be supervised. p\mp
installed initiating circuits are not supervised though first appeara%ces
may indicate that they are. To tell if a circuit is supervised, refer to
the control unit internal diagranms to see if both ends of any initiating
circuit loops are connected to the sane point in the control unit, iip a
switches in their normal positions. If the circuit |oops are conplete
loops with no relay coils, contacts or resistors in them the circuit is
unsupervised, as shown in Figure 2-34. Another unsupervised initiating
circurt, which seldom occurs, has two parallel wires with normally open
initiating devices connected between them The wires end at the |ast
initiating device with no end of line resistor, diode or relay.

FIRE ALARM CONTROL UNIT
BELL DIODEN

+

REVERSING
ALARM POWER
OUTPUT FROM
CONTROL UNIT

POINT A:?

ERE

END-OF-
LINE
RESISTOR

i

TROUBLE

FIRE ALARM BELL:
T TROUBLE — — 7

LAMP
TROUBLE

!

I

o

POWER |
!

I

SUPPLY TROUBLE
BELL

NOTE: POLARITY AND CONTACTS ARE SHOWN IN THE NORMAL OPERATING
CONDITION, A BREAK IN THE WIRING AT POINT A CAUSES ONE SIDE
OF THE BELL CIRCUIT TO BECOME ISOLATED FROM THE END-OF-LINE
RESISTOR. A TROUBLE SIGNAL RESULTS WHEN THE TROUBLE RELAY DE-
ENERGIZES ALLOWING T-3 TO CLOSE. CONTACTS T-1 AND T-2 ALSO
CLOSE, CONDITIONING THE CIRCUIT SO THAT AN ALARM CONDITION)
REVERSING THE ALARM POWER OUTPUT FORM THE CONTROL UNIT, CAUSES
RINGING OF THE BELLS.

FI GURE 2-32
CLASS ALARM | NDI CATING CIRCU T

2-39



NORMALLY CLOSED ALARM
RELAY (|Z'ONTA IS

' ALARM INITIATING DEVICE
' BELL CONTACTS (NORMALLY CLOSED)
| l
I C N
O—————-"a[ KR 1 b —

DCCI OR AY

SOURCE
O &

INITIATING CIRCUIT

NOTE: WHEN ALARM SYSTEM IS OPERATING, ALARM RELAY IS
ENERGIZED, HOLDING ALARM RELAY CONTACTS OPEN. OPENING ANY
INITIATING DEVICE CONTACTS CAUSES ALARM RELAY TO REENERGIZE,
CLOSING ALARM RELAY CONTACTS AND RINGING THE BELL.

FI GURE 2-33
SERI ES NORMALLY CLOSED INITIATING CRCU T

. Indicating Grcuit. A series indicating or bell circuit is
generally used with an AC powered control unit. AC powered, series
connected audible appliances are usually wired sinmilar to the
circuit shown in Figure 2-35. The individual bells are rated at
some fraction of the supply voltage, depending on the nunmber of
bells . For instance, five bells rated at 24 VAC or ten rated at 12
VAC might be used with a 120-VAC power source. A current limting
resistor at the fire alarmcontrol panel protects the bells and
wiring from excessive current, and its resistance and power rating
are chosen to conpensate for the nunber of bells actually used.
Sonetimes the current limting resistor is conbined with a
thernostatic device for opening the bell supply circuit when the
current has been excessive for a period of time, or the bells have
just been operating for sone period of time. Such a thernostatic
device requires manual reseting to restore the bells to service.

Accepted standards require nost indicating circuits to be supervised
though many installed alarm systens have unsupervised indicating circuits.
The unsupervised circuit may be formed of two conplete wire | oops with
i ndi cating devices connected between the two loops. This circuit can
usually be identified by the fact that each indicating (bell) circuit
termnal has two wires connected to it. \Wen removed fromthe ternminal, the
two wires will show | ow resistance between them when checked with an
ohmet er .

A constant small supervisory current is supplied to the bell circuit,
whi ch energizes the supervisory relay and holds contacts in the trouble

circuit open. If a break occurs in the bell circuit, the supervisory relay
deenergi zes , closing the contacts in the trouble circuit and sounding the
trouble bell. In an alarmcondition, the alarm relay contacts short circuit
the supervisory relay coil, reducing circuit resistance and increasing bell

current enough to cause the bells to ring.
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RELAY
colL - TG
+ 10— —" 1 &
Of 8 - x
{ — \\ ‘/ C D
POWER ; \ ALARM
SUPPLY | ; >{s - INITIATING =
TERMINALS | R ////ﬁ/\\ DEVICES //
| IS / \
—_ ! g /’ \ |
: | - —
b
e £ ¥
LARM, * - _f
ELAY ALARM ==
ONTACTS BELL

C, D AND E - OPEN FAULTS

F AND G - GROUND FAULTS

S - SHORT CIRCUIT FAULT

IS - SHORT CIRCUIT CURRENT

10 - POSSIBLE ALARM CURRENT PATHS FOR OPEN CIRCUIT

AT D

NOTES: CIRCUIT BREAK AT C PREVENTS ALARM CURRENT FLOW FOR

ACTIVATION OF EITHER ALARM INITIATING DEVICE, DEACTIVATING THE
ALARM SYSTEM WITHOUT ANY TROUBLE INDICATION.

SIMULTANEOUS CIRCUIT BREAKS AT D AND E DEACTIVATE THE INITIAT-
ING DEVICE BETWEEN THE BREAKS.

SIMULTANEOUS GROUNDS AT F AND G, OR WIRES TOUCHING AT S ARE
A SHORT CIRCUIT AND CAUSE A FALSE ALARM.

FI GURE 2-34
EXAMPLE OF AN UNSUPERVI SED | NI TI ATING CI RCU T

2.4.1.4 Unsupervised Circuits. A fault in an unsupervised circuit
causes no trouble signal or automatic conditioning for continued operation.
Circuits not required to be supervised include trouble signal sounding
circuits, sounding circuits for an audible device in the sane roomwith a
control wunit (if protected with conduit), and annunciation circuits. O her
circuits are required by NFPA standards to be supervised. The other
unsupervised indicating circuit sometimes found has two parallel wires with
the indicating devices (bells, etc.) connected between them The wires end
at the last indicating device with no end of line device connected. Another
clue to an unsupervised indicating circuit is the absence of polarizing
features (diodes) on the indicating devices. Two or nore circuits of this
type may connect to the bell terminals of a control unit.
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BELL OVERCURRENT
PROTECTOR AND
CUTOFF TIMER ALARM BELLS

O Aff——— = =

LJ

ALARM RELAY CONTACTS

POWER ]
SUPPEy l N L
O——= ' —0O

IBELL CIRCUIT
| SUPERVISORY
'RELAY COIL
' AND CONTACTS

O ¥

tRovBLE oo | L

POWER I RVUDL.C

SUPPLY LAMP

TROUBLE
C? &[) BELL
C— :

NOTE: ALARM RELAY COIL AN INITIATING CIRCUITS ARE NOT
SHOWN. SEE SECTION 2,4,1,3 IN TEXT FOR FURTHER DESCRIPTION.

FI GURE 2-35
SERIES | NDI CATING CIRCU T

2.4.1.5 Power Supervision Applications. Power supplies for fire
alarm operation are supervised in a variety of ways. Mst frequently the
power supervisory devices are contained in the fire alarm control panel

« Automatic Transfer with Indication. Failure of AC power to
the alarm system causes a relay to deenergize. The relay
contacts usual ly cause autonatic transfer of power to a
secondary source, such as batteries. Additional relay
contacts operate audible and visual trouble signals,
indicating the need to correct the condition before the
secondary source is depleted.

. Indication Only. An exanple of power supervision is shown in
Figure 2-36. In this case, the presence of DC power for the
smoke detector is sensed by an end-of-line relay. The relay
contacts are connected so that |oss of power at the end of the
snoke detector power circuit will cause an “open” in the
initiating circuit. As dicussed for dass A and Class B
circuits, this will produce audible and visual trouble signals
at the fire alarm control panel. In this case, these signals
indicate the need for restoration of snoke detector power.

The original failure could have been caused by battery
probl ems or a broken wire in the snoke detector power
circuit.
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END-OF-LINE

POWER SUPER-
VISORY RELAY

POWER SMOKE DETECTOR
SOURCE r POWER CIRCUIT 7
* A SMOKE LS Z‘F SMOKE + : /
- \| |DETECTOR |_ / DETECTOR |_ 3|
A"— 4 :l
n !
5 M VAR RS

CONTROL UNIT
TERMINALS FOR
CLASS A INITIAT-
ING CIRCUIT

NOTE : IF SMOKE DETECTOR POWER SOURCE
FAILS, THE END-OF-LINE RELAY DEENERGIZES,
OPENING THE TROUBLE CONTACTS IN THE LOOP
OF THE INITIATING CIRCUIT AND CAUSING

A TROUBLE INDICATION FOR THIS INITIATING
CIRCUIT (ZONE) AT THE CONTROL UNIT. THE
POWER CIRCUIT AND POWER SOURCE ARE SUPER-
VISED BY THE END-OF-LINE RELAY.

FI GURE 2-36
EXAMPLE OF PONER SUPERVI SI ON
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CHAPTER 2.  SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng

questi ons.

@-1 The primary purpose of a building alarm systemis to:

@-2

Q-4

Interrupt normal activities.

Cose fire doors and shutdown fans.

Protect life, property and continuity of operations.
Provide a convenient nethod for having fire drills.

cooow

A buil ding al arm system provi des audi bl e and/or visual fire alarm
signals in response to:

Cosing a sprinkler system control valve two turns or nore.
Unpl ugging a smoke detector fromits socket.

Qperation of a water level switch in a water reservoir.
Autonatic operation of heat detectors, snoke detectors or
sprinkler waterflow switches.

oo w

A noncoded building alarm system

a. Cannot identify the location of the device causing the alarm

. My identify the source of the alarm by the use of annunciation.

c. My cause bells toring in a distinctive pattern identifying
the source of the alarm

d. May cause the audible signals to sound in a nmarch-tine cadence
to expedite evacuation.

A nmultiplex alarm systemis considered to be:

a.  Coded.

h.  Noncoded.

c A d fashioned.

d. Undesirable because it is not an approved installation.

Paper tape recorders are often used wth:

Noncoded systens.

Smal | fire alarm systens.
The fan shutdown feature.
Coded systens.

The trend in operating voltage for nodern control wunit circuitry,
initiating circuits, and indicating circuits is toward:

Low vol tage AC.
H gh voltage AC.
Low vol tage DC.
H gh vol tage DC.

oo T o
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Q-7

Q-8

Q-9

@-10

Q- 11

Q- 12

@-13

A building fire alarmcontrol unit typically does not contain:

oo o ®

>

a
b.
c
d

Rel ays.

Initiating devices.
Ternminal s.

A power supply.

drill switch in the control unit:

Sounds the fire alarm audible signals.

Causes transnmission of an alarm to base alarm headquarters.
Causes the building fans to shutdown.

Causes fire doors to close.

Alarminitiating devices, such as the following, initiate the
el ectrical sequences which result in a fire alarm

o o T o

Bel s and horns.

Flashing lights and sirens.
Heat and snoke detectors.
Chimes and buzzers.

The coding contacts in a shunt noninterfering building system
initiating circuit are:

> oo

Q_O.UQJ

y open in a series circuit.
y closed in a series circuit.
Normal |y open in a parallel circuit.
y closed in a parallel circuit.

trouble condition is usually annunciated using a:

Flashing light.

Red or pink light.
Blue or green |ight.
Yel | ow or anber |ight.

In a presignal alarm system when an alarm occurs:

A

oo o

Al general alarm signals sound inmmediately.

No audi bl e signals sound.

Some audi bl e signals sound i mediately and general alarm
signals may be activated by an authorized person.

Alarm signals are only transnmtted to base alarm headquarters.

bui | ding al arm system power supply does not:
Convert the AC line voltage to |ow voltage AC
Rectify low voltage AC to produce |ow voltage DC.

Charge the system standby battery.
Directly power the building fans.
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Q- 14

@-15

@-16

Q- 17

@-18

@-19

@-20

The following function is alnost never controlled by the building
fire alarm system

Fire door closure.

Shutting down refrigerant conpressors.
Fan shut down.

Rel ease of fire extinguishing agent.

o o T 2

Automatic fire alarminitiating devices do not detect:

a. Baronetric pressure.
b. Heat.

C Infrared radiation.
d Snoke.

Detection of waterflow in a building automatic sprinkler system
a.  Minly provides for building evacuation.

b. Always causes a sprinkler supervisory signal.

c I's intended to sunmon aid in fighting the fire.

d Indicates that at |east two sprinklers are operating.

Sprinkl er supervisory alarm

a Initiating circuits never use an end-of-line resistor.
. Initiating circuits are never normally closed loop circuits.
¢c. Indicating devices are entirely different fromfire alarm

i ndi cating devices.
d. Systems continuously check the readi ness of autonmatic
sprinkl er systens,

Bui I di ng al arm systens sonetinmes are connected to a renmpte signal
receiving station because:

a. It is desirable to informtrained personnel who are conpetent
to take necessary action.

b. The occupants of the building may be excited.

C. The building may not be occupied at the time of the fire.

d. Al of the above.

A renote station type base alarm system

& Is normally a coded system

h. Requires a pair of wires for each alarm signal.

¢c. Provides signaling from nunicipal type transnitters.
d. Does not use annunciation.

Central station type alarm systens:

Are widely used comercially for 24-hour alarm nmonitoring.
Require a separate pair of wires for each transnitter.
Are noncoded systens.

May have up to 1,000 transmitters on a single circuit.

oo o
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@-21 One of the distinctive features of a radio call box system

o o T o

Is the location of alarmtransnitters.

Is the fact that it is a noncoded system

Is the requirenment for conplete duplicate receivers.

Is the fact that a building alarm system can be connected to
actuate an alarm transmitter.

@-22 A multiplex base alarm system

a.
b.

.
d.

I's noncoded.

Is similar to a renpte station systemin the connection of
building systens to the base system

Uses one circuit or communication channel for many signals.
Is always a proprietary system

@-23 Autonmtic dialer type base systens:

Require wiring fromthe building systens that is exclusively
for alarm use.

May be the tape recorded nessage type or the digital coded
message type.

Never have a printer at the receiver.

Require a buil ding occupant to dial the nunmber of the
receiving equiprment, like a tel ephone call.

@-24 The following is not a transmtter that can be used in a base
al arm system

a.
b.
C.

d.

A MCull oh coding nechani sm
A march-time coding mechanism
A reversal signal relay.

A digital dialer.

@-25 In a radio call box system

a.

b.

C.

d.

The test signal may include a | ow battery or other trouble
signal .

The receiving equi pnment includes a radio receiver and a
signal processor.

A test signal is transmitted automatically each day from each
transmtter.

Al of the above.

@-26 Miultiplex base alarm systemreceiving installations:

a.
b.
c
d

Have annunciation and al pha-nuneric displays.

Must have duplicate sets of receivers.

Receive daily test signals from every transnitter.

Only seldomare in contact with the individual building alarm
syst ens.
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Q-27 Renpte station receiver installations are usually characterized

by:

a. A conplete lack of power supplies.

b. A cathode ray tube for display of infornation.
¢c. A keyboard for entry of new information.

d. A receiver nodule for each transnmitter.

@-28 The M:Culloh tape register may record an alarmsignal identified:

By holes punched in a paper tape.

By detailed information on a |/2-inch-w de tape.
By al pha-nuneric synbols on a tape.

Al of the above.

@-29 Power for driving a base alarm systemtransmtter at a protected
building is frequently supplied by:

Li ne vol tage DC.

A rechargeable battery.
Both of the above.

None of the above.

oo o

Q-30 Generally, the small power supplies for alarm equipnent at a
protected building are designed to provide:

At least 10 hours of standby operation with AC power off.
At least 2 hours of standby operation with AC power off.
At least 15 minutes of standby operation with AC power off.
At least 4 hours of standby operation with AC power off.

oo o

@-31 Base alarm systens may provide the follow ng service(s):

Monitoring of fire alarm signals.

Monitoring of fire trouble signals.

Monitoring of open or closed condition of sprinkler valves.
Al of the above.

o0 o o

@@-32 The feature in fire alarm systens which warns of potential or
actual electrical problens is known as:

Signal nonitoring.
Sprinkl er supervision.
El ectrical supervision.
Troubl e.

oo oo

@-33 A class “A" supervised circuit has the capability to:

Only cause a “trouble” signal, if a fault occurs.

. Cause a false alarm if a fault occurs.

¢c. Cause a trouble signal and continue operating, if a fault
occurs.

d. None of the above.
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@-34 A class“B” alarminitiating circuit has:

a. A continuous snall supervisory current which is too low to
energize the trouble or alarm rel ays.

. No end-of-line device.

¢. A continuous snall supervisory current which is adequate to
energize the trouble relay but not the alarm relay.

d. None of the above.

@-35 Most approved initiating devices:

a. Have normally closed contacts which open on alarm

b. Have normally open contacts which cause a short circuit on
alarm

¢c. Have double sets of contacts, one pair for trouble and one
pair for alarm

d. None of the above.

@-36 If an open fault occurs in a supervised circuit, the supervisory
current typically:

Drops to zero.

I ncreases, causing a false alarm

Remai ns constant, but the fault causes a trouble signal.
None of the above.

o0 o

Q@-37 Atw wire reversal type rempte signaling circuit:

2. Has the capability to continue operating with an open fault.
h. Signals an alarm by a reversing voltage but not current.

c. Signals an alarm by the transmtter causing a short circuit.
d. Is usually considered to be Class “B.”

Q@-38 A class “A" initiating or indicating circuit is typically:

a A two-wire circuit.

b. A four-wire circuit.

c. Acircuit in which a few devices are polarized.
d None of the above.

@-39 Cass “A" renote signaling circuits:

Are nmost often the reversal signal type.

Are usually not used with coded base al arm systens.

Oten make use of earth ground as an electrical conductor.
None of the above.

20T

Q@-40 A series indicating circuit is usually:

a. Associated with AC powered indicating devices.

. Associated with an AC powered control wunit.

c. Protected from excessive current by a current limting
resistor.

d. Al of the above.
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CHAPTER 3. | NSPECTI ON, TESTI NG AND MAI NTENANCE OF FI RE ALARM SYSTEMS

3.1 GENERAL MAI NTENANCE. General naintenance procedures include periodic
testing and troubl eshooting, cleaning, repair, and replacement. [|f possible,
it is inportant to have all manufacturer’s literature available for each piece
of equi pment and conponent in use.

When a conponent or device needs to be repaired or replaced, check wth
the manufacturer’s custoner service departnent for repair instructions or
packing and shipping instructions. \Wen contacting the manufacturer, be
prepared to give all pertinent information available regardi ng equi pnment nodel
number, serial number, and the part nunbers of any needed repl acement parts.
For nost efficient maintenance and troubl eshooting, conbine tests with regular
inspections. A summary of test frequencies for alarm system equipnent is
included in Table 3-1. NFPA 72H, “CGuide for Testing Procedures for Local,
Auxiliary, Renote Station and Proprietary Protection Signaling Systens”

(1984) should al so be consulted.

When perform ng tests which cause soundi ng of audible and/or visual
signals, schedule the tests so as not to cause disruption of normal activities
unless the tests are coordinated with regular drills. Any tests should be
coordinated with the individual in charge of the facility.

3.2 MAI NTENANCE REFERENCE MATERI ALS. Because of the variations in equi prent
from manuf acturer to nmanufacturer and the numerous types of circuits and
devices in use, it is inportant to have the followi ng reference materials
available to personnel responsible for servicing:

« Wring and Equi prent Schematic Diagranms. Conplete, accurate wiring
di agrams of each type of device in use, of each circuit as installed,
and equi pment schematic diagramns.

Manufacturer’s Data Sheets. The descriptive information in
manuf acturer’s data sheets on all equipnent in use and nanufacturer’s
instructions for any special testing and maintenance.

System Revi sion I nformation. Information on all extensions or
modi fications to existing fire alarm systens.

« Tags. Identification of wires renmoved fromterninals during repair
or testing to insure accurate reconnection. |nproperly connected
wires may nake a fire alarmdevice or circuit ineffective or may
actually damage equi pnent.

« I nspection Record Card. Record date of inspection, inspector’s nane,
remarks, etc. for each piece of equipnent.
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TABLE 3-1

SUMVARY OF | NSPECTION AND TEST FREQUENCI ES FOR

ALARM SYSTEMS

i nspection of al

of

of

of

of

of

only of

of

detectors tested in 5 year

of

integrity test of

of

of

al arm equi pnent
initiating and signaling

popul ated bui |l di ngs

initiating and signaling

unpopul at ed bui | di ngs

manual fire stations

sanpl e spot type heat detectors

detectors tested in 5 year period)

line type heat detectors
nonr eusuabl e type)

snoke detectors
peri od)

IR flanme detectors

w flame detectors

in

W flame detectors

waterflow detectors
supervisory initiating devices
i ndi cating devices

base system circuits

base system Class A circuits

open faults

of
of
of
of

base system transnmitters
maj or receiving equi prent
noncoded receiver nodul es

signal recording devices

Vi sual
Operational test
circuits for
Operational test
circuits for
Operational test
coded and noncoded
Operational test
(A
Operational test
(Sinulated test
Operational test
(Al
Operational test
Opti ca
if test feature is built
Operational test
Operational test
Qperational test
Operational test
Operational test
Operational test
with ground and
Operational test
Operational test
Operational test
Operational test
Operational test

Check rechargeable battery water
Check rechargeable cell

of

engine driven emergency generators
| eve

vol t ages

DAILY

WEEKLY
MONTHLY

X*

X%

X*

QUARTERLY

SEMI-

ANNUALLY

X*

X*

X*

X*

ANNUALLY

* Frequency may be extended to annually where the systemis supervised.
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3.3 MAI NTENANCE OF COVMON COVPONENTS. In general, detectors are returned to
the manufacturer as a conplete package for repair. However, control units and
annunci ators are large and interconnected with a nunber of other system
conponents. There should be sone attenpt at |ocal repair before shipping the
total unit to the manufacturer. Sone conponents are used in nmany types of

equi pnent, including fire detectors, control wunits, and annunciation units

The followi ng types of conponents can be replaced, adjusted, or repaired

Rel ays, Resistors, Capacitors, Diodes, Transformers, Fuses/Circuit Breakers,
Control Panel Switches, Mtors, Lanps/Visual Indicators, Wring, Meters.

3.3.1 Relays. There is no routine maintenance required for relays
mai nt enance should be in response to a synptom or suspected nal function.

Rel ay adjustment is a specialized skill and requires sone special tools and
instruments . The safest relay maintenance is direct replacement with an
identical relay. Keep a spare relay of each type on hand and return any
relays with known defects to the equipnent nmanufacturer for reconditioning.
Rel ay contact cleaning requires a contact burnishing tool. Cean contacts
carefully to avoid renoving precious metal plating on the contact surface
Move the burnishing tool against the contact surfaces in the direction of the
normal w ping action of the contacts

Relay tests nmay help determine if the relay is the source of the problem
Measuring coil resistance with an ohnmmeter will tell if there is a broken wire
to the coil or a burned out coil (no continuity, infinite resistance). Nornal
coil resistance varies fromabout 50 ohns for heavier duty relays to about
20,000 ohms for very sensitive relays. Some relays are constructed so the
defective coil can be removed and replaced with a new coil. The type or
catal og nunmber of the relay should indicate the coil resistance so the proper
repl acenent can be obtained from the equi pment manufacturer.

Repl acing a coil usually involves removing the relay cover, renoving one
or nore screws to renmove the old coil, unsoldering coil connections, and
mechanically removing the coil. Installing the new coil is the reverse
Readj ust nent of the relay operating points to the equi pnent manufacturer’s
specifications is usually necessary because of the mechanical disassenbly and
reassenbly required and the possible ninor change in coil resistance

An ohmmeter check for continuity between the relay frame and either coi
termnal, using a sensitive resistance scale (x10,000 or higher), is a partia
check to tell if insulation between the relay coil and the relay frane has
broken down. A reading of continuity (any reading other than infinity)

i ndi cates an abnormal condition. Reinsulate any spot that shows signs of
arcing between the coil and the frame and recheck for continuity. The
ohmret er check does not simulate operating conditions and should be considered
only a partial check. The ohmeter may indicate no insulation breakdown when
there is a definite breakdown at the higher voltages reached during al arm
system operati on.

A continuity check of relay contacts can indicate if contacts transfer
when the relay is alternately energized and deenergized. The ohmmeter should
be connected to the conmon ternminal of the relay contacts (usually marked C)
and the normally closed terminal (usually marked NC) with the relay
deenergi zed. The resi stance neasured should be very nearly zero or a fraction
of an ohm maxi mum on a x| resistance scale. Aso with the relay deenergized
the resistance measured between common and normally open (usually marked NO
should be infinite,
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If the contact resistance also can be nmeasured with the relay energized
(normal coil voltage applied), the above readings should be reversed, i.e. ,
comon to normally closed should be infinite and cormon to nornally open
shoul d be zero or a fraction of an ohm nmaximum |If you do not get proper
readi ngs, inspect the contacts for dirt, corrosion, or other causes of poor
contact.  Cbvious contam nation can be rempbved by inserting a piece of thin
cardboard or heavy paper between the contacts, pressing the contacts together,
and pulling the cardboard or paper out. Recheck contact resistance. [If the
cleaning was unsuccessful, repeat the process or send the relay to the
equi pment manufacturer for reconditioning. Contacts may al so be cleaned with
a burnishing tool, but this nmust be done carefully to avoid renoving the
precious netal plating used on sone contacts. Adjusting contact pressure
requires a sensitive contact pressure gauge and special bl ade bending tools,
or smaller wenches or screwdrivers. Do not try to adjust contact pressure
wi thout some training. Also, be sure to have the equi pment nanufacturer’s
relay specifications. Contact pressure should never be |ess than about 6
grans, neasured with a contact pressure gauge

Seal ed rel ays cannot be cl eaned, adjusted, and repaired, although
continuity checks can be made to see if there is a defect in the relay that
requires returning the relay to the equi prent manufacturer for repair.

3.3.2 Resistors. No periodic maintenance is required for resistors. \hen
a problem arises, a visual inspection for physical danage may tell if a
resistor is defective. Exanples of physical damage are cracked and discol ored
resi stor bodies, broken connections to circuit termnals, and broken resistor
wires on adjustable wirewund resistors. Cracked resistors and broken
connections can be caused by physical blows. Discoloration along with
cracking of a resistor body nay be caused by excessive current through the
resistor and the resulting heat. COverheating a carbon resistor changes its
resi stance value pernanently. Depending on the precision required in the
application, it may be necessary to replace the resistor.

W rewound resistors are frequently still functional after physical or
el ectrical abuse. However, adjustable wirewund resistors with a broken
resistance wire in the area where wire segnents are exposed for contact with
the adjustable sliding band will not function properly. The exposed wres my
be broken when attenpting to adjust the resistance w thout relaxing the
contact pressure of the sliding band first. These wires will not accept
conventional solder at normal soldering tenperatures; the resistor should be
replaced. Al so, adjustable resistors do not operate properly if the sliding
band is not tightened firmy after final adjustment.

Open construction rheostats and potentiometers can oxidize or accunul ate
dust on contact surfaces. For positive electrical contact, keep contact areas
clean. Clean only if there is a problemdue to poor contact of the contact
arm  Frequently, noving the contact arm back and forth across the supposed
poor contact area should restore good electrical contact. If this does not
work, apply a nmild solvent, such as alcohol or trichloroethylene, with a clean
cloth and nove contact arm back and forth. \Wen cleaning, first note the
original adjustment so that it can later be reestablished. D sconnect power
before cleaning to avoid electrical shock or possible burns

3.3.3 Capacitors. Electrolytic capacitors are often used in the power

supply section of |low voltage DC control units and el ectronic smke and fire
detectors. They have a limted life and their failure can account for
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i nadequat e voltage quality to electronic fire detectors fromthe main alarm
system power supply. Oher capacitor problens depend on the type of system
Capacitors are available in a wde range of quality. Low voltage quality and
hi gh tenperature are causes of shortened capacitor |ife. Some capacitor tests
can be made with an ohmreter, a DC voltneter, or an ammeter in series with a
battery or other DC voltage source (Figure 3-1). It is only necessary to

di sconnect one end of the capacitor fromits circuit to test it.

Al the capacitors normally found in an alarm system can be tested the
same way, but the results are nore reliable and easier to interpret with
| arger values of capacitance. Wen testing electrolytic capacitors, be sure
that the test arrangenment applies voltage to the test capacitor with the
polarity indicated on the capacitor; for nonpolarized capacitors, polarity is
not inportant. If an ohnmeter, or a resistance scale of a nmultineter is used,
the termnal nmarked “+" or “positive” on the test meter nay actually be
negative on the resistance ranges. Check the meter output polarity with a
second neter, using a voltmeter range on the second neter. Once polarity has
been determined, the test consists of connecting the ohmmeter, or conbination
of DC source with voltmeter or ameter across the capacitor ternminals while
wat ching the meter indicating needle deflect. For a good capacitor, the
needle will deflect and return to its original position. Larger values of
capacitance cause the needle to return slower.

Open capacitors (those with an internal broken or |oose connection) cause
no deflection of the needle. To distinguish open capacitors fromsmall val ue
capacitors, it may be necessary to use the x10,000 ohnms resistance scale (use
a low voltage scale, 2.5 volts or a low current scale, 1 mllianpere or |ess,
on the alternate test arrangenent).

Leaky capacitors (those which have a partial short internally) cause the
needle to not return fully to the original reading. Some |eaky electrolytic
capacitors can be “formed”. The | eakage current can be gradually reduced to
an acceptabl e val ue by applying approximately the capacitor’s rated DC vol tage
in the proper polarity. The diagram of Figure 3-1 can be used for formng,
using a DC source approximately equal to the capacitor’s rated voltage and the
meter set to a sensitive current scale. As the capacitor forms and | eakage
current reduces, it may be necessary to switch to a mcroanpere scale to see
any further decrease in |eakage current. Wen | eakage has been reduced to
approximtely 1 microanpere or less, the capacitor is forned and useable.

Repl acenent capacitors which have been unpowered for a long tine may need to
be formed. In equipment, electrolytic capacitors form by applying nornal
equi pnent power for a warmup period of about 1/2 hour.

3.3.4 Diodes. Diodes are solid state devices used chiefly as rectifiers,
converting alternating current (AC) to direct current (DC). Diodes are used
in alarm system power supplies and for charging circuits for batteries. A
typical charging circuit which uses a diode bridge or full wave bridge is
shown in Figure 3-2.

To test or check the diodes in such a circuit, disconnect the AC power and
at least one side of the battery. |f possible, disconnect the diodes fromthe
circuit to check them individually. Mke continuity checks with an ohmeter
(or a resistance scale of a multimeter) or with a DC voltneter in series with
a DC power source. Good diodes allow current flowin one direction and not in
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CAPACITOR

CAPACITOR

[ T \I—

\ASWITCH SWITCH

AMMETER OR
VOLTMETER OHMMETER
BATT

ERY

OR D.C.
O | ot W
SUPP Mand
o Il @

CAPACITOR TEST WITH OHMMETER
INTERNAL D.C. SOURCE)

A. CAPACITOR TEST WITH AMMETER B.
OR VOLTMETER AND D.C. SOURCE (WITH

NOTES: WITH ELECTROLYTIC OR POLARIZED CAPACITORS THE POLARITY OF
THE TEST SET-UP IS IMPORTANT FOR A GOOD TEST (POLARITY IS NOT

IMPORTANT FOR NONPOLARIZED CAPACITORS), THERE MAY BE NO POLARITY
MARKINGS ON AN OHMMETER AND THE + AND - MARKINGS AT THE TEST WIRE

SOCKETS OF A MULTIMETER MAY REFER ONLY TO VOLTAGE AND CURRENT RANGES,
YOU MUST DETERMINE THE OUTPUT POLARITY OF THE TEST OHMMETER FOR A
GOOD TEST AND MAKE THE CONNECTIONS INDICATED.

THE SWITCH SHOWN ONLY INDICATES THE NEED FOR A SUDDEN CONNECTION OF
THE CAPACITOR TO THE TEST CIRCUIT WHILE THE TESTER WATCHES THE METER
NEEDLE ,

FI GURE 3-1
CAPACI TOR CHECKI NG METHCD

the other. Thus a check of individual diodes w Il show | ow resistance in one
direction and infinite resistance in the other direction when checked with an
ohmeter. Use a low resistance scale (x1, x10, or x100) for checking the |ow
resi stance and a high resistance scal e (x10,000 or x100,000) for checking the
high resistance direction. |n addition to checking a diode’s forward and
reverse resistance, conpare the diode with others of its type, using the sane
nmeter and scale settings. Bad diodes can show infinite resistance in both
directions (open diode) or low resistance in both directions (shorted diode)
Cccasional ly a diode will exhibit characteristics which may appear normal, but
which are quite different from others of its type. Bad diodes and di odes with
nonstandard characteristics should be replaced

Di odes in a diode bridge may be packaged so di sassenmbly is inmpractical. In
this case, in the circuit of Figure 3-2, disconnect one side of the
transformer secondary winding to elimnate the resistance of the transforner
winding shunting the diode bridge and disconnect one end of capacitor F.  1phe
capacitor may be |eaky or polarized so as to affect readings, since diode
checks are made with voltage of both polarities.
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Checking continuity fromB to Dwith B connected to the positive termna
of the test arrangenent shows infinite resistance if all diodes are good. If
sone continuity does exist (neasurable resistance less than infinity), it can
be caused by at |east two shorted diodes in the diode bridge, both on the sane
side (right or left in the diagramj. See the table in Figure 3-2 for proper
resi stance readings while checking resistance between pairs of points in the
diode bridge. In general, |ow readings where infinity readings are shown in
the table indicate that there are one or nore shorted diodes in the bridge
Hi gh or infinite readings where | ow readings are shown in the table indicate
that there are one or nmore open diodes in the bridge. Wwen a diode bridge
cannot be di sassenbl ed and one or nore diodes are defective, replace the
bridge.

3.3.5 Transforners. The power supply of low voltage fire alarm contro
units contains a stepdown transforner to convert the inconming line voltage to
a lower AC voltage (usually 24 or 12 VAC). A typical power supply schematic
diagramis shown in Figure 2-9. Line voltage control units also frequently
contain a stepdown transformer so |ower voltage rated internal components and
external soundi ng devices can be used

Visual inspection for discoloration of insulation caused by overl oadi ng
and consequent overheating of the transformer is the only routine maintenance
appropriate for the transformer. \When operated within their rated power
range, transforners should be cool enough to allow you to rest your hand on
the transformer. If the transforner is too hot or there are other signs of
equi pnrent mal function, check for voltage, current, short circuits, and foreign
grounds on the circuit wiring and for short circuits or defective conponents
in the control unit. Look at the control unit manufacturer’s schematic
diagrams and servicing instructions to do this properly.

The transfornmer may have no AC output voltage with normal input voltage
applied and stay cool. This normally means the transforner has al ready been
burned out. Make voltage neasurenents at the transforner terminals with no
intervening fuses or other conponents which, if defective, could affect the
meter readings. Di scol ored transformer insulation, burned out fuses, short
circuits, and\or other defective conponents in the control unit are signs that
the transforner is burned out.

A frequent result of a transformer burning out is an open prinmary w nding
of the transforner. During a heavy current demand, the primary w nding of the
transformer increases in tenperature, causing the wire to nelt and separate
stopping the flow of current and opening the primary circuit. Wre can also
melt in the secondary winding, but in a stepdown transforner, the secondary
winding is made of heavier gauge wire to better dissipate excess heat. Nornal
ohmmeter readings for a stepdown transfornmer might be several hundred ohns for
the primary (high voltage) winding and a few tens of ohns for the secondary
(low voltage) winding. There should be no continuity (infinite resistance)
between either primary termnal and either secondary termnal

After the transformer is renoved fromthe circuit, it can be checked with
an ohmeter. A burned out or short circuited transformer should be replaced
Contact the manufacturer of the control unit for the replacenment transformer
so that the mounting and connecting provisions, and voltage and wattage
ratings, will be proper.
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3.3.6 Fuses/Circuit Breakers. Fuses and circuit breakers require no
routine mai ntenance in a properly designed and installed alarmsystem \Wen
abnormal conditions cause a loss in power to equi pment, or when probl ens
i nvol ve the power source, check the fuses, fuse holders, and/or circuit
breakers and their termnation points. Power problens are indicated when
pilot lights are out and audi bl e devices do not sound during tests. First
check the continuity of fuses and the tripped/untripped indicator on circuit
breakers. \Whether status is visually indicated or not, circuit breakers can
be reset by operating themto the off position and back on. Keep a supply of
spare fuses of each current rating and type on hand.

3.3.6.1 Fuses. Use a table for cross referencing to other
manuf acturer’s equival ent types for fuse replacenent if the exact
manuf acturer’s type cannot be natched. Repeated bl owing of fuses indicates a
probl em exists which should be corrected. DO NOT REPLACE A FUSE WTH A H GHER
CURRENT RATING FUSE, EVEN AS A TEMPORARY MEASURE. Damage to other conponents
excessive heating and, possibly, fire can result.

Fuse bodies may be glass, fiber, or ceramc. The fuse element nelts when
overl oaded with excessive current. The fuse element can be checked visually
with glass fuses, but fuses that have a nontransparent body nust be checked
for continuity with an ohnmeter or by putting in a replacenent fuse. For
fuses showing no continuity (having infinite resistance), replace themwth
fuses with the sane physical dinensions, current rating, and speed of
burn-out. Sl owblow fuses can be used when a few seconds of high current,
perhaps double the normal current or greater, wll not damage the protected
equi prent.  Normal speed fuses burn out in an hour or less with a current
overload of 35% Depending on the exact type, fast-acting fuses burn out in 1
second or a fraction of a second with slight current overloads. Fast-acting
fuses are used to protect solid state equi pnent which cannot tol erate even
short duration excessive current without damage to components

To check tubular fuses mounted in spring clips, use a proper size fuse
pul ler to renove and reinsert the fuse. COher tools (such as a screwdriver)
can cause electrical shock, injury, or electrical and physical danage to the
equi pnent. Wth the fuse puller, check the spring clip tension by pulling
straight out on the fuse near each end to see if the fuse is held firmy by
its holder. A loose fitting fuse holder can result in heating of the fuse due
to the resistance created by the poor connection. The added heating can cause
the fuse to blow at a lower current than its rating. If the spring clip is
not holding the fuse firmy, turn off power at the nain disconnect, renove the
fuse, and bend the fuse holder sides inward slightly with pliers until the
clip holds the fuse firmy. Fuses should be pulled annually to verify the
rating of the fuse.

3.3.6.2 Circuit Breakers. Mst circuit breakers are encl osed nodul ar
assenblies and spare parts are generally difficult to obtain. |If defective
it is usually sinpler to replace the entire circuit breaker as a unit. A
defective circuit breaker usually fails in the safe direction. It opens the
power circuit at a lower current than its rating rather than a higher
current. If a circuit breaker requires frequent resetting and no circuit
fault can be found to account for the problem neasure the current flow
through the circuit breaker under the conditions which cause the circuit
breaker to actuate. If this current is well below the rating of the circuit
breaker, the circuit breaker is defective and should be replaced
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Good wiring connections at terminals for fuse holders and circuit breakers
are very inportant. These connections carry larger currents than ot her
termnation points. Poor connections can result in discharged or danmaged
batteries and intermttent operation of the equipnent. Screw type connections
shoul d be snug, but not so tight to cut into the wire to the point of
weakening the wire. Be careful when disconnecting and reconnecting wires. Do
not cut into the conductor when stripping off insulation, especially with the
smaller wire sizes. |If termnal screws have been overtightened and cut into a
conductor, cut off the damaged end and carefully strip the insulation from the
new end with wire strippers adjusted to the wire size being used. Form the
new end to fit the termnal screw with a pair of |ong-nosed pliers.

3.3.7 Control Panel Switches. Control panel switches are pernanent
assenblies, not intended to be repaired or nmaintained. During routine
testing, operate all switches to wipe off contact oxidation and test for
proper function. Make arrangenents with building personnel and the fire
department, if necessary, before operating the bell test, drill, and fire
departnent disconnect switches. If a switch does not function properly,
replace it with an equivalent switch. Take special care when replacing | ow
vol tage, low current DC switches to be sure that the replacenent switch is
rated for dry circuit application.

3.3.8 Motors. Mdtors are used in alarm equipnent to drive coding devices,
paper tape recorder mechanisns, sone types of audible appliances, and as
timng devices in the time/date stamp on paper tape alarm recorders. For all
motor replacenent, check any gears or geartrain driven by the notor for
bi ndi ng, excessive wear, and proper lubrication. In timng applications,
clean and reoil gears with watch oil whenever they are accessible for
servi ce.

3.3.8.1 Spring Mtors. Many ol der coding devices are the springwound
escapenent type which have their tripping adjustments factory set. They
should not require readjustment. These devices should be sparingly |ubricated
with watch oil about every 5 years. Cean any rust spots and oil the blue
steel clock spring with watch oil at the sane tine.

Be careful when working on clock springs to avoid personal injury. Run
the nechanismuntil the spring is run down, check any speed governor weights
for firmnmounting, and tighten set screws for any |oose weights. Check
mechani sm function and restore it to its normal position before final w nding
of the spring. In case of nechanical damage to an escapenent mechani sm
return the nmechanism carefully packaged, to the manufacturer for repair and
adj ust ment .

3.3.8.2 DC Mtors. Mre recently manufactured codi ng devices and
paper tape recorders are frequently driven with small permanent magnet DC
not or s. If the motor does not operate or its speed is erratic and neasurement
with a voltneter at the notor terminals indicates that stable voltage is being
supplied to the notor, usually the notor brushes nust be replaced.
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The follow ng describes brush replacement for one notor type frequently
used in alarm equipnent.

. Obtain the necessary tools for brush replacenent--a pair of
nonnmagnetic tweezers (stainless steel, brass, etc.) and a
jewelers screwdriver.

. Renmove the plastic or thin sheet netal cover which protects the
brush hol der and commut at or assenbly by unscrewi ng the snall
cover screws. The cover may al so be stuck in place with varnish
or other sealant. Use the screwdriver to break the cover |oose
from the notor housing.

. Renmove the brushes. They are about the size of a short piece of
pencil lead. Handle them with tweezers. The two brush holders
are dielectric tubes, slotted at the outer end to allow the
(straight spring wire) contact springs to hold the brushes in
place. Lift the springs gently, only enough to nove them out of
their slots, and shake the old brushes out of the holder onto a
pi ece of paper on a flat surface.

« Check sizes of new brushes. Conpare the length of an old brush
with the length of a new brush. [|f the old brushes caused the
motor mal function, they should be worn down 1/32 inch or nore,
conpared to the new brush |ength.

. Put in the new brushes. Bl ow the dust out of the brush hol ders
and drop the new brushes in.

. Reposition the contact springs in the brush holder slots.

. Test notor operation. If the notor does not operate with nornal
voltage applied, lift the contact springs slightly and allow
themto snap back. This will drive the brushes into position in
case sonething prevented free noverment of the brushes into
contact with the commutator. This should cause the notor to
operate.

. Repl ace the cover. Return the cover to its original position,

taking care not to pinch any wires. Insert the-cover-screws and
tighten them with the jewelers screwdriver. Do not overtighten
the screws.

If a DC notor must be replaced, first mark the ternminal polarity, before
di sconnecting wires, to be sure the new notor is installed right.

3.3.8.3 ACDC Hi gh Speed Mtors. Small universal AC DC high speed
motors, which have brushes and conmutators, are frequently used to power
sirens and vibrating horns. If one siren or horn fails while others in the
same circuit work, the motor brushes and commutator probably require service.
The brushes nust be replaced and the comutator nmay have to be turned down on
a lathe to elimnate |ow points caused by arcing.
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3.3.8.4 Synchronous AC Mdtors. Synchronous AC motors, frequently
used in the tine/date stanp of paper tape recorders, have no brushes or
commutators. Bearings are generally lubricated for the life of the motor. If
the motor fails, it nust be replaced. Replacenent involves removing two to
four nmounting screws and unsol dering, or otherw se disconnecting, the two
mot or power Wi res.

3.3.9 Lanps/Visual Indicators. Fire alarmsystem|lanps and vi sual
indicators are either incandescent, tungsten filanment |anps, or light emtting
diodes (LEDs). Filanent |anmps have been used for many years; LEDs have only
been used for al arm equi prent since the early 1970s. In some cases, heon
| anps may al so be used.

3.3.9.1 Filament Lanps and LEDs. The |anps and LEDs used in alarm

equi prent are usually rated for a higher voltage or current than supplied. The
light output is less than the rated value, but the life of the lamp or LED is
greatly extended. In general, replacenent of LEDs is required | ess often than
repl acenent of lanmps. Equi pment with several |anps or LEDs usually has a | anp
test feature. By pressing a nonmentary switch, all the good |lams |ight; bad
| amps can be detected. If there is no lanp test feature or to confirm the
lanp test results, both incandescent |anps and LEDs can be checked with an
ohnmet er.

Renmove the colored plastic or glass lens if there is one. Check the
manuf acturer’s instructions to avoid |ens damage. Sone glass and nost plastic
| enses are renoved by pulling straight out with the fingers. Sone glass
| enses are removed by unscrewing themin a counterclockw se direction. To
renove |anps, use a |anp renoval tool available fromthe |anp supplier or one
made by cutting off a 1- to 2-inch piece of electrical insulating tubing
(“spaghetti”) which fits snugly over the lanp. Mst smaller |anps pull
straight out. Do not renove |lanmps with a pair of |ong-nosed pliers or you
wi |l cause a shattered glass envelope or a narred plastic lens to the LED

Make ohmmeter checks of incandescent |amps on the xI or x10 resistance
scale. The nmeasurenent between the two lanp ternminals or between the single
termnal and the base should be a few hundred ohns or less. If the lanp
filament is burned out, the resistance reading will be infinite. An ohmeter
check of an LED will show infinite resistance in one direction and 10 to 500
ohns in the other direction, depending on the nmeter scale used. (The x10 or
X100 scales are probably best for this check.)

3.3.9.2 Neon Lanps. Neon |anps, sonetines used as AC power pil ot

| anps, cannot be checked at the |ow voltages produced by an ohmreter. |f a
neon |anp does not glow, neasure the voltage across the ternminals to see if
the lanp is receiving voltage (usually 120 VAC). If it is, replace the |anp.

Frequently, neon |anps have a bayonet type base which requires that you press
inon the lamp, rotate it counterclockw se about one quarter of a turn, and
pull out to renove the lanp. The lens that covers a neon |anp may be a
permanent part of a lanp and socket assenbly. If it is not, unscrew the cover
countercl ockwi se to renove.

3.3.9.3 Total Assenbly Lanps. Sone pilot |anp assenblies nust be
entirely replaced if the lanp fails. These |anps may have a sel f-1ocking
feature, so that when the assenbly is installed, it is only necessary to press
it into a snug fitting hole in a netal panel. \Wen in position, the base
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snaps into place. To renmove, go to the back of the |lanp and conpress the
| ocking tabs with | ong-nosed pliers and push the total assenmbly out fromthe
back of the panel.

Some total assenbly lamps are held in place by a sheet nmetal spring clip,
called a “Tinnerman nut.” During installation, the lanp assenbly is inserted
through a hole in the panel and the spring clip is pushed onto the |anp
assenbly from the back of the panel until the lamp is held firmy in place.
Renoval is very difficult and may destroy the spring clip. |[If there is
adequate free access to the back of the panel, it may be possible to pry first
one side and then -the other side of the spring clip away from the back of the
panel with a thin screwdriver until the lanp can be renpved fromthe panel.
For final renoval, the wires must be disconnected. If the spring clip has
been destroyed when renpving the old lanp, replace it with a new one. In
catal ogs, the spring clip would probably be categorized as hardware and |isted
as a “Tinnerman nut.” To be sure you have the proper size, neasure the
diameter of the lanmp base at the point just behind the panel.

3.3.9.4 Lanp Sockets. If there is a panel light problemand the |anp

is good, the problemmay be in the |anp socket, especially if there is a
rechargeable battery and a charging circuit in the sane cabinet as the |anp.
The battery charging funes may cause some corrosion or oxidation to formon
the contact surfaces in the lamp socket. If the battery is a lead/acid type,
wi pe out the inside of the socket with the end of a paper towel slightly
noi stened with a mld solution made of a teaspoonful of baking soda in a cup
of warm tap water. If the battery is nickel/cadmum use a mld solution nade
of a teaspoonful of vinegar in a cup of tap water.

A lanp should fit snugly into its base or socket. Disconnect AC and DC

power to the panel before touching sockets. If a lanp is |oose, check for
distorted netal parts inside the lanp socket. Restore netal parts in a socket
to their original condition with tweezers or snall |ong-nosed pliers. If

necessary, conpare the defective socket with a known good socket.

3.3.10 Wring. If original installation was made properly, little
mai nt enance shoul d be required for the wiring between fire alarmcontrol units
and the various devices connected to them During installation, excess
tension used in pulling cables in conduit can cut the outer jacket of the
cable and break individual conductors. Cuts in the cable jacket may allow
noi sture into the cable and cause a partial short circuit between conductors
if their insulation is also danmged. Such wiring faults cause nore serious
operating problens on higher voltage systens. It is sometimes necessary to
replace a whole section of cable, rather than take the time to try and | ocate
a fault.

After initial installation, the nost frequent wiring problens occur at the
wire termnations in the control units, at the initiating devices, and at the
indicating devices. These are the points where wires are nost frequently
di sconnected for tests or replacing defective equiprment and the wires are
damaged in reconnecting to the terninals.

Screw termnal connections should be snug, but not so tight that they cut
into the wire. Sonetimes it is best to cut off a damaged end and careful ly
strip the insulation fromthe new end, with wire strippers of the proper size
or adjustnent for the wire size being used. If a solid conductor is cut into
by the strippers, even slightly, a future break may occur. Future breaks can
al so occur due to vibration or flexing of the wire at a weakened point.
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When replacing a section of wire or cable, the old wire or cable can be
used as a “puller.” Mechanically connect the old section to the newas firmy
and neatly as possible and tape the connection for snoothness so that, when
pulling the old section out and the new section into the conduit, the lunp
forned by the connection will not get caught in the conduit. Be sure |oops or
tangles do not formas the new section is pulled into the conduit.

3.3.11 Meters. Meters often are used to indicate supply voltage and
charging current for rechargeable batteries. In general, they are not high
precision meters, so they are only serviced for obvious malfunction, such as
sticking at a constant reading.

To check meters, use a reasonably accurate separate test neter with a
scale simlar to that of the meter being checked. The test neter is called
the “standard neter" in the renainder of this section. Before connecting the
standard neter, be sure the scale is adequate for the voltage or current to be
used in the test. If a nultimeter is used as the standard neter, check the AC
or DC and current or voltage scale selections. An exanple of judging the
adequacy of a scale for the purpose follows: To check a DC voltneter with a
O to 30-volt scale being used to read a normal voltage of 24 to 25 volts, if
you use a multimeter with 10- and 50-VDC scal es as the standard nmeter, the
50-VDC scale is adequate; the 10-volt scale is not. Both the standard neter
and the tested nmeter are subjected to the normal 24 to 25 volts, which is off
scale for a 10-volt scale, allowing no direct conparison.

To check the voltage, connect the standard neter to the sane ternminals as
the meter being checked. It should not be necessary to disconnect any
existing wires. The nornal voltage should appear on both meter scales. Turn
off the AC power to the power supply. |If there are no standby batteries, both
meter readings should drop to zero. If there are standby batteries, the neter
readi ngs should drop only slightly initially and continue to drop very slowy
as the batteries discharge. There should be a fuse in one of the main battery
out put conductors. Renpving the fuse should cause the neters to drop to
zero.

The characteristics to be observed during checking are
. Cbstruction of Meter Deflection.

The neter should read snoothly. There should be no hangi ng-up, even
monentarily, at a reading different from the standard neter reading

. Accuracy.

Check the approxi mate accuracy of the neter being checked, in
conparison to the standard neter, at the zero and nornal readings at
| east .

If the Ovolt readings do not match, both Ovolt readi ngs should be
adjusted to exactly zero, while tapping the neter face to renove
friction effects. Usually a small adjuster for zero adjustment

whi ch can be operated with a snmall screwdriver, is located at the
pivot point for the neter needle. Mke this adjustment before
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conparing higher scale readings. At a reading near full scale for
the tested neter, its reading should be within ‘10% of the standard
meter reading. For exanple, at a standard neter reading of 25 volts
the tested neter should read in the range 22.5 to 27.5 volts.

. Friction.

Look for excessive friction in the meter being checked. If, for
instance, when the voltage on the standard neter drops to zero, the
voltage indication on the nmeter being checked drops only to 5 or 10
volts , and then drops to zero when the neter face is tapped, it

indi cates excessive friction in the meter pivots. Look for changes
in a neter reading when tapping the neter with a finger.

To make the neters deflect for a friction test, disconnect AC power.
Renove and replace a battery fuse to cause the nmeters to drop to zero
and then return to their normal reading. Be sure to restore AC power
and the fuse at the end of the test.

If a meter has one or nore defects, return it to the equipnent nmanufacturer
for repair or replacenent.

If there is only one meter on a battery charger panel, it is usually an
amreter used to indicate charge or discharge rate of the standby battery. An
ammeter on a power supply panel indicates current being drawn fromthe power
supply . Ammeters for battery chargers are frequently zero-centered neters
whi ch deflect in both the plus and mnus directions, indicating whether the
battery is discharging or being charged and how great that current is.

Check the same characteristics for ameters as for voltmeters, but the
met hod of connecting the standard nmeter to the circuit is different. For
conparison of readings, the same current must flow through the standard
ameter and the ameter being checked (Figure 3-3). Break the existing
ammeter circuit and insert the standard meter in series, observing polarity
after first making sure that the scale of the standard ammeter is adequate

The standard amreter may be inserted into the circuit by connecting its
two termnals to the fuse terminals and then disconnecting the fuse from the
circuit. Keep in mnd that the meter and meter fuse, if any, are now the only
overcurrent protection for the test. Conpare the two ammeters for negative
defl ection by disconnecting AC power while the standby battery powers the
alarm system Reverse the standard neter connections for an accuracy check of
negative deflections, if the standard neter is not also zero-centered. |If the
battery partial discharge is continued for an hour or two, restoration of AC
power will cause a positive deflection of the two ammeter needles to allow a
conparison for that part of the neter scales

3.4 TYPI CAL MAI NTENANCE CHARACTERI STICS OF CERTAIN EQUI PMVENT. Equi pnent
mai nt enance includes some nai ntenance of conponents plus maintenance of the
equi pment. as a conplete assenbly.

3.4.1 Building Alarm Systens. Building alarm systens require naintenance
for the control and auxiliary units, alarmsignal initiating devices, and
al arm indicating devices.
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3.4.1.1 Line Voltage Control Unit. Line voltage control units are

probably the | east conplex of the control unit types and probably the nost
dangerous for the naintenance person because of the electrical shock hazard
Even if the operating voltage is only 120 VAC for the fire alarmfunction, the
separate power circuit usually provided for the trouble function may be froma
different phase of the AC source, resulting in voltage between the two power
circuits of nore than 200 VAC. The peak AC voltage, which is also a nmeasure
of the shock hazard, would be approximtely 300 volts--enough to cause injury
or death if the terminals are touched by hand or with uninsulated tools.

The line voltage control unit typically contains nmost of the conmon
components such as relays, resistors, diodes, transformers, fuses, swtches
| anps, and wiring. See Section 3.3 for maintenance information for specific
components.  Testing of the conpl ete panel should be perforned according to
the manufacturer’s instructions. Many line voltage powered control units have
a current limting resistor and a current cutoff device in the control unit,
connected in series with the audible signal devices. The total resistance of
the current linmting resistor and the current cutoff device is used to adjust
the audible signal circuit output voltage, under |oad, for the nunber of
audi bl e signal devices actually used

The cutoff device has two functions: (1) \Wen the audible signal devices
sound, the resistance portion of the cutoff device produces heat, which in
turn, heats a binetallic thernostatic element. The binmetallic strip bends as
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its temperature rises, and eventually it mechanically unlatches an electrica
contact connected in series with the audible signaling circuit. The audible
signals stop sounding. The cutoff acts as a timer. (2) Wen one or nore
audi bl e signal devices are renoved fromservice and the series circuit is
restored without resistance adjustment to conpensate for the reduced nunber,
the current through the cutoff device and the total circuit is excessive. (A
short circuit somewhere in the audible signal circuit could al so cause
excessive current.) Heating the bimetallic strip occurs at a fast rate and
the circuit opens in a short tine, depending on the nagnitude of the current
The higher the current, the faster the current cutoff occurs. The cutoff
device acts as a circuit breaker. A periodic test of the audible signaling
circuit checks the audible signal devices, control unit contacts and cutoff
devi ce. For test purposes, the audible devices shoul d be operated unti
automatic cutoff occurs, if the control unit contains a cutoff. During the
audi bl e device operation, watch the cutoff device for arcing at the contacts
and for proper operation. If cutoff does not occur within 2 to 15 minutes,
the test should be discontinued and the cause investigated.

Cccasi onal visual inspection of the resistor and contacts and contact
cleaning are desirable. The visual inspection should include |ooking for: (1)
physi cal damage to the resistor body and connecting wires due to excessive
heat; and (2) deterioration of the contacts because of humd or corrosive
at nosphere, excessive current, or inproper contact pressure. Heavy current
with [ ow contact pressure can cause arcing and excessive contact heating.

The part of the cutoff device nost vulnerable to permanent damage is the
resistor. If the resistor body is cracked or broken, if lead wires are broken
very close to the resistor body, or if the resistor shows no continuity (has
infinite resistance) when checked with an ohmreter, the resistor nust be

replaced. If the cutoff device cannot be disassenbl ed, the whol e device nust
be replaced. The final measure of acceptability of a conponent is its proper
function. Resistor body deformation or heating until it glows is acceptable if

normal function is retained

3.4.1.2 Low Voltage Control Unit. The |ow voltage control unit

typically contains a rechargeable battery and battery charger, possibly housed
in a separate cabinet. In some cases the battery is replaced by a |ow voltage
power supply only. The operating circuits are 6 to 48 VDC powered, w th nost
being 12 to 24 VDC. Recently manufactured control units, suitable for medium
to large buildings, are alnmost all 24 VDC powered

The conponents in low voltage control units, which may require occasiona
repl acement or nmaintenance, are relays, resistors, capacitors, diodes
transformers, fuses, switches, lanps or LED s, neters, and wiring. In
addition, a nodular control unit will have replaceabl e nodul es which plug into
the main control unit assembly. The nodules vary in construction but usually
contain solid state devices mounted on printed circuit boards. Sonetimes the
modul es are seal ed, but nmore often they can be disassenbled for repair. Each
modul e may represent one zone or a group of zones or it may performa nonzoned
function such as one of the follow ng:

. Providing a time delay (such as shutting off bells after 15
m nut es)

. Provi ding output contacts for a rempte auxiliary function (such
as fan shut down)
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. Power transfer (from commercial power to standby power and back)
. Sounding a local trouble buzzer
. Control of audible signal devices

. Providing a reverse polarity alarmoutput (for renote station
connection)

Use the manufacturer’s diagrans and servicing information to narrow down

any problems to a small area. |If a problemcan be isolated to one of these
nodul es or if a problem appears to be related to a zone nodul e, the nost
imediate repair is to replace the nodule. If the nodule is not sealed

inspect it for a condition such as an overheated resistor or transistor, a
poorly sol dered connection, a bent connector pin, or a malfunctioning rel ay.
Repair or replace the parts, resolder the connection, or straighten the
connector pin. For other conditions, nore difficult to analyze, replace the
modul e. (Keep spares on hand.)

Any soldering that is performed, especially in replacement of solid state
devices on printed circuit boards, must be perforned with care and in
accordance with good conmercial soldering practice

3.4.1.3 Coded Control Units. Coded control units for building alarm
systens code the audible alarms using a spring notor or electric notor driven
code wheel to open and close switch contacts in the audible signal circuit.
The distinctive pattern of sounds produced identifies the type of alarmor the
type or location of the initiating device causing the alarm

If the code identifies a location (zone), the actuated initiating device
causes the alarmrelay for the zone to operate. The contacts of the alarm
relay close, activating the coding notor for the zone. The coding contacts
actuated by the coding nmotor and wheel cause the coded alarm A coded contro
unit has one or nore coding devices and one or nore relays in addition to the
components of a noncoded control unit.

To test coding mechanisns, sinulate an alarmin each coded zone when
normal activities in the building would not be disrupted. Alert the fire
department to the testing. Listen to the audible signal for each zone to be
cure that each coded signal is a clearly readable pattern. Al so check that
the coded signal is properly identified in the fire department records. For
coding contact problems, see the contact maintenance part for relays (Section
3.3.1). For coding devices sealed in a nodul ar assenbly, a nal function
requires nodule replacenent.

To replace a nodul ar codi ng nmechani sm or “coder,” unplug the nmodul e and
plug in the replacement. |If it is an open construction type coding nmechani sm
it may involve disconnecting (and tagging for future reference) four or nore
wires and renoving three or four nounting screws before the mechani smcan be
lifted out. Carefully pack the removed nmechanismand return it to the
manuf acturer for repair.

To install the replacement nechanism reverse the steps used to renove
it. Reconnect wires to the correct termnals. If coding problens are traced
directly to the coding wheel, they may be corrected if the nechanismis not
sealed. The code wheel on many unseal ed, selective coded or master coded
devices is made froma standard code wheel by cutting out teeth on the
perimeter of the wheel. The remaining teeth deternmne the signal pattern.
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I f audible signals occur which do not fit the desired pattern, it could be
caused by incomplete removal of teeth from the code wheel. The areas where
teeth were renoved may be smpot hed down using a small file to elinminate any
undesired audible signals.

Irregul ar sounding of’ audible signals in a march-time coded system could
be caused by irregular motor drive or by inproper adjustment of the coding
contacts. There are various types of code wheels and nethods of causing coded
signals. For nmaintenance of other types of coders and for coding contact
adj ust ment procedures, refer to the manufacturer’s instructions.

3.4.1.4 Annunciators. Conponents of annunciators that may require

mai nt enance are lanps or other visual indicators (LEDs), relays, swtches,
wiring, diodes, and resistors. Test the annunciator when the fire alarm
initiating devices are tested so alarm location identifiers can be checked.

Some annunciators “lock in” the alarmindication. The indicator remains
lighted after the initiating device and fire alarmcontrol panel have been
restored to the no-alarm condition. For these types, confirm that the
i ndividual zone indicators stay lighted after the initiating device is
restored and that the reset switch at the annunciator panel, usually a
monentary switch, turns off the zone indicator lanps. |If there is an audible
device at the annunciator, be sure it operates with the alarmand is turned
off by the silencing switch and the reset swtch.

3.4.1.5 Recorders. Recorders are usually found in a base alarm
system rather than in a building alarm system However, a large building
fire alarm system may have a recorder to provide a permanent record of each
change of status for all the devices in the system

. Paper Tape Recorder (Register). This equipment (Figure 2-3)
usually con-tains the follow ng commobn conponents: resistors,
capacitors, diodes, switches notors, lanps, and wiring. The
paper tape recorder normally al so contains transistors and
sol enoids and may contain integrated circuits and either printed
circuit boards or circuit boards with standoff terminals or
eyelets. The older units may use transistor/capacitor or
rel ay/ capacitor timng circuits to control paper tape novenent
after the last pulse of a signal and allow convenient reading of
the signal; newer units may use an integrated circuit (1C for
this. Oder units may use ternminal-to-termnal nounting of-
conponents using standoffs or eyelet termnals; newer units”
generally contain printed circuit (PC) boards for conponent
mounting. The older units frequently use a heavy, high current
DC notor and worm gear drive to feed the tape through the
recorder; the newer units generally use a |ightweight |ow
current DC motor with more efficient pinion gears for speed
reduction. The ol dest units have a spring wound drive notor.

If sonme problem in recorder operation occurs, such as a failure of the
paper tape transport mechanism or a failure to properly record coded pulses,
di sassenbl e the recorder to inspect circuit boards, mechanical assenblies, and
ot her conponents.

Di sconnect all electrical cords fromthe recorder and renove the roll of
paper tape. Typically, the cover can be renoved by renoving one to four
screws, depending on the manufacturer.
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Qobvi ous defects to be looked for during an inspection are: excessively
worn gearing, discolored insulation on solenoids and relay coils from
overheating, cracked and discolored diodes and resistors, and discol ored areas
on circuit boards indicating overheating of conponents in the area. If there
is a defect in one of the conmon conponents, test and repair follow ng the
instructions in Section 3.3. Solenoid malfunction is indicated by distortions
in the code pulses on the paper tape or a failure to produce the coded
pul ses. If a sound is heard or some mechanical vibration is felt during
reception of a coded signal, it is usually a nechanical defect causing the
mal f uncti on. Sol enoids can be treated as relays with no contacts, their coil
resistance is lower. Since solenoids acconplish some nechanical action,
friction can cause sticking problens. Solenoid coil resistance will usually
be 1 to 50 ohns.

I nspection shoul d include | ooking for signs of solenoid shaft wear and
mssing parts such as retaining rings. Solenoid action is characterized by
abrupt nmotion and stopping, so forces are high and can cause wear, breakage
and distortion of mechanical parts. Cenerally, when there are nechanica
defects, cleaning, light lubrication, and readjusting or replacing distorted
or broken parts are recomended.

If the recorder fails to operate, look for an interruption of power, such
as a blown fuse, an open circuit breaker, or a broken wire in a connecting
cable to the recorder. The usual neans of electrically connecting the
recorder to the other signal receiving equipnent is a coiled, stretch cord
with connectors at both ends. Check this cord and its connectors for broken
connections with an ohmmeter without disassenmbling the recorder. Use the x
resi stance scale, and check to see that all functional connector pins show
continuity to the corresponding connector pin at the other end of the cord
If the cord continuity is good, check for voltage at the paper tape drive
motor termnals under signal receiving conditions. [If there is voltage, but
the motor does not run, replace the motor. If no voltage reaches the notor
under signal receiving conditions, there is probably a defective component in
the circuit which controls the drive motor operation.

If there is a relay in the recorder control circuit assenmbly that controls
the running tinme of the drive motor, nmotor running problens mght be
elimnated by cleaning and/or burnishing the relay contacts. Sonetines the
paper tape drive fails to nove the paper tape far enough after a signal is
received for the signal to be completely seen. The amount of running tine
usual l'y can be adjusted using a variable resistor which is accessible only
when the recorder is partially disassenbled. Adjust running tine with the
recorder connected to the equiprment for signal receipt, the paper tape
installed, and the recorder cover renmoved to allow access to the adjustable
resistor. The recorder should start running when the first pulse of a
simulated or actual signal is received and continue until the last pulse

received is within view If the running time cannot be adjusted to satisfy
this requirenent, there is probably a defective capacitor in the tining
circuit or a bad connection to the capacitor. If the timng circuit contains

an integrated circuit timer, a defective integrated circuit can be the cause
of the timng problem

If the paper tape drive runs too long after a signal is received, the
probl em nmay be caused by residual magnetismin the timng relay. Adjusting
the relay to increase the necessary holding force to keep the contacts in the
energi zed state can sonetines cure this problem if such adjustment does not
adversely affect operation otherwise. Demagnetization of the relay is another
possible solution, if denmgnetizing equipnent is available
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If the paper tape drive runs too long, and no tinming relay is present, the
switching device (transistor, integrated circuit, or other solid state device)
is probably defective and nust be replaced. GCear wear should affect only the
paper tape drive. If the actual wear is mnor, cleaning and |[ubrication with
a grease recommended by the manufacturer may be adequate to extend gear life.
btain a set of replacenent gears when wear is first noticed.

If a channel of a paper tape recorder fails to record the inconing pul ses
(first confirmwith a voltneter or other nmeans that the signal is arriving at
the recorder), and the solenoid appears to be normal (coil resistance is
normal and insulation is not discolored), |ook for defective conponents in the
solenoid drive circuitry. Typical defects are a shorted di ode connected
directly across the solenoid coil or a shorted or open switching transistor.

Paper tape recorders accunul ate paper dust which can interfere with
mechani cal functions of the recorder. Any time the recorder is partially or
totally disassenbled for repair, blow or wpe away the paper dust.

e A pha-Nuneric Printers. Al pha-nuneric printers require
speci alized equipnent for mintenance. It is usually best to
return the equipnent to the manufacturer for repair.

If the printer uses an inked ribbon, replace the ribbon if it is danaged
or worn or when the printing becones faint. Carefully follow the
manuf acturer’s instructions when changing the ribbon. Check to see that the
ri bbon reverses direction when it reaches the end to avoid damage to the new
ribbon. For any repairs to al pha-numeric printers that are beyond the scope
of the manufacturer’s literature, return the printer to the manufacturer.

3.4.1.6 Renote Signal Transmitters. Renote signal transmitters that
are part of the equipnrent installed in a building systemare actuated by
electrical signals from the building alarm system The renote signaling
contacts are wired into a rempte station signaling circuit which term nates at
a signal receiving station, usually located in a base fire station. Two basic
types of remote signaling transmitters are in wde-spread use:

o Reversal Signal Transmitter. The reversal signal transmtter
consists of only a relay and a power supply for the renpote
signaling circuit. The power supply nmay have a standby
battery. It may also have a current limting feature to prevent
power supply damage if the renote signaling circuit (usually a
tel ephone line pair of conductors) is short circuited. Wthout
the current limting feature, a short circuit can cause a very
high current and danage the transmtter relay contacts, the
power supply and/or battery, and renote signaling circuit
Wiring.

A frequent synptom of a power supply problemfor a reversal signal
transnitter or renmote signaling circuit is failure of the renote station to
receive a full alarmsignal. If the transnitter operates properly, and the
al arm does not, the power supply current liniting feature may have been
adjusted to limt the current to such a |ow value that the alarmreceiving
equi prent is unable to distinguish between alarm and trouble. The current to
each receiver nust be adjusted since the receiver nmodules for each alarm
connection vary in the way they react to current near the critical |evel.
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For instance, suppose that 4 millianperes (m) of current is considered to
be normal for the renote signaling line. For an alarmsignal, the current
reverses direction and remains at about 4 mA. It may be that the particular
receiving mdule requires 4.5 mA to cause an alarm signal. The receiving
nodul e i ndication would change fromnormal to trouble instead of changing to
an alarmindication. To correct the problem neasure the current under normal
and alarmconditions and increase the current limt setting to allow about 1
mA nore current to flow in the normal and alarm conditions. If necessary, the
current may be increased to 6 or 8 mllianperes (m).

The retest to confirm proper function should include operating with the
standby battery connected and AC power turned off to insure that the standby
battery can supply the nornmal and alarm currents. O herw se, the alarm may
indicate trouble at the receiving nodul e when there is a power failure at the
transmtting location. |If the standby battery is not adequate, either service
it or replace it with a higher voltage battery that neets the requirements

Poor adjustnent of the reversal relay contacts and a poor choice of
termnals used for incom ng power and outgoing reversal signal can cause a
serious problem Refer to Figure 2-26, which is a reversal signa
transmtting circuit. If the reversal relay contacts are wired as shown, the
potential problem does not exist, but if the reversal relay contacts are
reversed, with common terminals connected to the power supply and the two
junpers connected on the tel ephone line side instead of the power supply side,
a serious problem can occur. \Wen the power supply is connected to the two
conmon ternminals and an alarm condition occurs, a direct short circuit on the
power supply results causing damage to power supply conponents or even an
electrical fire. If the short circuited signal |ine power supply is the sane
one that supplies the reversal relay coil current, the sudden heavy electrica
load may prevent the relay from conpleting the alarm signal swtching action.
It may remain in the partially transferred, shorting condition until burning
wire insulation starts a fire

The short circuit is nore likely to occur when two single pole relays are
used instead of a double pole relay as the reversal signal transmtter. Wth
two single pole relays, the likelihood of one relay operating before the other
is even greater, increasing the chances for a malfunction.

To correct the problem exchange the power supply terminal pair for the
tel ephone line termnal pair so that the relay common ternminals are connected
to the telephone line pair, as shown in Figure 2-26. The relay contact
adjustnment is no longer critical, and the threat of damage and fire is
el i m nat ed.

. Coded McCulloh Fire Alarm Transnitter. These transnitters
require naintenance of the spring driven motors (escapenent
mechani sms) and DC electric notors. Coding contacts also
require periodic maintenance (cleaning) of the sort described
for relay contacts (see Section 3.3.1.).

The coding contacts may require adjustnent at installation or |ater, when

the code wheel is changed or if the transmitter is disassenbled for other
mai nt enance (Figure 3-4).
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A. BEFORE ADJUSTMENT
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C. OPEN BLADE OPERATED

TIGHTEN ASSEMBLY SCREWS AT POINT
A TO INSURE GOOD CONTACT THROUGH

THE_ASSEMBLY AND GOOD GROUND CON-
TACT TO THE MOVEMENT.

CHECK GROUND ADJUSTMENT SCREW IN
BRACKET D FOR TIGHTNESS. IT SHOULD

BE MORE THAN FINGER TIGHT. IF NOT,
REMOVE SCREW AND SQUEEZE SLOTTED
BRACKET TO TIGHTEN THREADS. REPLACE
SCREW PART WAY.

CRIMP GROUND CONTACT BLADE E AT POINT
X WITH A SPRING BENDER TOOL TO MAKE
IT PRESS AGAINST GROUND ADJUSTMENT
SCREW. THIS PUTS TENSION ON BLADE TO
HELP IT HOLD FINAL ADJUSTMENT.

CRIMP BLADE G AT POINT Y TO GIVE GOOD
CONTACT PRESSURE AGAINST CONTACT BLADE
H (ABOUT 50 GRAMS). IF TOO MUCH
PRESSURE IS USED AT THIS POINT, IT
WILL PUT UNNECESSARY DRAG ON THE MOVE-
MENT AND CUT DOWN THE NUMBER OF ROUNDS
AVAILABLE.

CUT FOUR TEETH FROM THE CODE WHEEL TO
GIVE A CLEAR SPACE, LOOSEN SCREWS B

AND C IN MOUNTING BRACKET AND ADJUST
CONTACT ASSEMBLY TO PLACE CONTACT

BLADE G ABOUT HALF DEPTH ON THE CODE
WHEEL. TIGHTEN SCREWS B AND C SECURELY.

CRIMP BLADE F AT POINT X SO THAT THE
BL.ADE IS ALMOST FULL DEPTH ON THE
CODE WHEEL. THIS GIVES GREATER AIR
GAP BETWEEN CONTACTS E AND F TO HELP
PREVENT ACCIDENTAL GROUNDS.

TURN GROUND ADJUSTMENT SCREW DOWN
TO BRING THE GROUND CONTACT WITHIN
ABOUT 3/64TH INCH OF THE CONTACT
ON BLADE F.

ROUND

N
D. SR8t oPERATED

8. ADJUST BLADES F AND G AT POINT
Z, IF NECESSARY, TO GIVE THE
PROPER OPEN-GROUND-OPEN ACTION.
THEIR TIPS SHOULD BE WITHIN
ABOUT 1/64TH INCH OF EACH OTHER
AT POINT Z.

9. RUN CODE WHEEL, BLADES F AND
G SHOULD OPERATE ALTERNATELY
TO GIVE A CLEAR OPEN (ABOUT
1/64TH INCH) AND A GROUND. THE
GROUND BLADE E SHOULD MOVE UP
SLIGHTLY AS IT IS PUSHED BY
BLADE F, THIS INSURES GOOD
GROUND CONTACT AND A WIPING
ACTION, DO NOT SET DEEP ENOUGH
TO CAUSE TOO MUCH DRAG ON THE
MOVEMENT,

10. THE HOT SIDE OF THE LINE SHOULD
BE FED INTO THE CENTER CONTACT
AT POINT I, THE HOT SIDE CAN
BE DETERMINED BY OPENING THE
LINE AND TESTING TO GROUND.

THE CENTRAL OFFICE SWITCH MUST
BE KEPT IN THE NORMAL POSITION
FOR THIS TEST BECAUSE WHEN THE
SWITCH IS MOVED TO THE OPEN
POSITION BOTH SIDES OF THE LINE
BECOME HOT.

11. WHEN A SHUNT SWITCH IS USED
FOR SHUNT NONINTERFERING CON-
NECTION OF TRANSMITTERS SHOULD
BE CONNECTED TO THE BOTTOM
CONTACT LUG AT POINT J.

B SHOWS THE CONTACT ASSEMBLY IN THE
NORMAL ADJUSTED POSITION.

C SHOWS THE CONTACT ASSEMBLY OPERATED
BY A CODE wHEEL TOOTH TO GIVE AN OPEN
DASH ON THE RECORDER.

D SHOWS THE GROUND ACTION{ A SLIGHT
OVERLAP OF OPEN AND GROUND ACTIONS
WILL STILL PRODUCE A GOOD SIGNAL,

FI GURE 3-4
MCCULLOH CCDI NG CONTACT ADJUSTMENT
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A set of MCulloh coding contacts consists of several flexible netal
bl ades (usually four) held together to forma closed circuit and an open
circuit. Two of the contact blades (usually the mddle two blades) are
electrically common but are arranged to flex separately. The separate flexing
action is necessary in order to obtain the separation of circuit opening and
grounding functions required for proper signaling under normal and circuit
fault conditions. The open and ground contact blades are staggered so that
each code wheel tooth will open the line, close the line, and then ground the
line. This ideal adjustnment gives sone safety factor to insure that the coded
signal will not be lost under any circuit single fault condition and even sone
circuit double fault conditions. An adjustnent of the contacts which gives
sone overlap of the “open” and “ground” conditions will reduce the amount of
safety factor for receipt of a readable signal under circuit fault conditions
but a readable signal will still be produced

The safety factor in the adjustnment is perhaps nost inportant in the case
of a long signaling circuit line. Capacitance due to the long |ine can cause
considerable lag in operation of relays in the signal receiving equipnent.
The final measure of the quality of the coding contact adjustnent is the
receipt of proper signals by the rembte receiving station with the node
selector switch in “nornal” and “open” positions

If the best possible coding contact adjustment does not produce readable
signals at the receiver and the signaling line is long (perhaps 10 niles or
more), it may be necessary to use a doubl e-spaced code wheel to allow for the
capacitance lag in relay operation to obtain a readable signal (Figure 3-5)

START OF CODE

TEETH REMOVED
AT END OF CODE

DIGIT 5

DIGIT 4

DIGIT B

NOTES: CODE REPRESENTED IS 5-6-4, DOTTED TEETH ARE
THOSE REMOVED TO OBTAIN THE DESIRED CODE, aR ON
CODE WHEN INDICATES DIRECTION OF ROTATION DURING CODE

TRANSMISSION,  NOTE SLANT OF TEETH RELATIVE TO WHEEL
ROTATION.

FI GURE 3-5
MCCULLOH CODE WHEEL W TH DOUBLE TOOTH SPACI NG
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Code wheels are frequently nade from phenolic or nylon. \Wen new, the
wheel has its maxi mum nunber of teeth. Wien coding a new transmtter or
changing the code of an old transmtter, keep the code wheel hub assenbled to
the code wheel because the code wheel is trued to the hub by the
manuf acturer. Qherwise, the effective adjustment of the coding contacts may
change during a rotation of the code wheel. |f the code wheel is removed from
the hub, replace it in the same orientation as it was.

Code the wheel by renoving one or two teeth to separate each digit from
the next digit of the code and renove all remaining teeth at the end of the
code which are not needed. See Figures 3-5 and 3-6, which show typical code
wheels as cut. Note that the digit 5 is represented by five teeth, 6 is
represented by six teeth, and 4 is represented by four teeth in both cases
shown. The teeth may be renoved using wire cutters or a jig saw and snoot hed
afterwards with a file or sandpaper, Be sure the stubs of renoved teeth are
| ow enough to prevent touching of the contact blades after the code wheel is
reassembled to its drive shaft, or else false pulses will be transmitted.

START OF CODE
DIGIT 5

DIGIT ©

DIGIT 4

NOTES: CODE REPRESENTED IS 5-6-4, DOTTED TEETH ARE
THOSE REMOVED TO OBTAIN THE DESIRED CODE, ARROW ON
CODE WHEEL INDICATES DIRECTION OF ROTATION DURING CODE

TRANSMISSION, NOTE SLANT OF TEETH RELATIVE TO WHEEL
ROTATION.

FI GURE 3-6
MCCULLOH CCODE WHEEL W TH NORMAL TOOTH SPACI NG

Sone types of McCulloh code wheels and coding contacts do not require
adj ustment or maintenance, such as code wheels consisting of printed circuit
contacts on an insulating disc. The initial setting of the code is made by
removing the foil contact strips fromthe disc. The detailed adjustnent and
mai nt enance procedures for any other types of MCulloh coding contacts nust be
obtained from the manufacturer’s data sheets

Tests of transmitters in auxiliary signaling systens or for automatic
fire alarns on renpte station signaling systenms should be performed nonthly.
Bi-monthly tests are recommended for transmitters in manual fire alarms on
renote station signaling systens.
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3.5 CGENERAL PROCEDURES-- TESTI NG AND MAI NTENANCE OF CONTROL AND AUXI LI ARY UNITS

3.5.1 Frequency. Al control and auxiliary equipnent should be visually
i nspected nonthly for tanpering, danage, and general condition. In buildings
normal |y occupied, each initiating and signaling circuit should also be
operationally tested nonthly. Equi pment in warehouses or buildings not
nornel Iy occupi ed shoul d have an operational test of each initiating and
signaling circuit quarterly. These tests should be coordinated with sanple
tests of heat and snoke detectors, manual fire stations, and audible signal
appliances to mnimze duplication.

3.5.2 Procedures. Visual inspections should include checking for m ssing
indicator lanps and |enses, and physical damage. Myving and functional parts
such as cabinet locks, lenses, and neters, should not be painted and nay
require replacenent if painted. Operational tests should either be combined
with periodic fire drills or all affected parties nust be inforned prior to
tests to avoid disruption of normal activity and unnecessary di spatching of
fire vehicles.

Periodic operational tests should include a realistic test of an alarm
initiating device in each zone. On systens that nonitor the sensitivity of
detectors, the detector. sensitivity should be checked every 6 nonths by
readi ng the anal og voltage on the control panel printer or at the annunciator
display circuit board. Proper operation of zone alarm indicators should be
noted. Proper operation of audible signal appliances in each major occupied
space should be confirmed. Confirm proper operation of renote transnitters
observation, if practical, and by communication with receiver operating
per sonnel

3.5.3 Troubleshooting Crcuit Faults. Grcuit faults my occur in the
connection to the power source, in the initiating circuits, and in the alarm
indicating circuits. Locating the fault depends on which of these is involved
and specifically if, in the case of initiating and indicating circuits, the
circuit is afour-wire “Class A" atw-wire “Class B,” or a series normally
closed circuit.

3.5.3.1 Power Circuit Gound and Short. A ground fault in the power
source wiring will typically cause the building circuit breaker for the fire
alarm systemto trip. The equipnment will continue to operate on a standby
battery, if provided. |If the battery is discharged or if no battery is
provi ded, the equipnent affected will be out of service and fire alarm
protection will be nonexistent. Because battery capacity is limted and
conpl ete di scharge shoul d be avoided to prevent permanent damage to the
battery, repair the fault inmediately.

3.5.3.2 Power Circuit Open. An open circuit fault in a line
supplying the fire alarmsystemw || cause signs of power failure but circuit
breakers or fuses may show normal conditions. |f the fire alarm control unit
has a power failure or trouble signal feature, it will be activated,
indicating that a problem exists. Figure 3-7 is a troubl eshooting chart for
this condition.
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3.5.3.3 Unsupervised Initiating Circuit Faults. Faults in
unsupervised circuits have no capability to indicate a trouble condition, so
troubl eshooting is only attenpted after a problem occurs. The only sign of a
fault is a false alarmor no alarm when conditions for an alarmexist. A
typi cal unsupervised initiating circuit with two initiating devices is shown
in Figure 2-35.

. Short Circuit. A short circuit between initiating circuit wres
causes a false alarm because it sinmulates an alarm condition.
Initiating circuit wires otherw se become connected to each
ot her only during an alarmthrough the closing of the normally
open contacts of an initiating device. See Figure 3-8 for
t roubl eshooting infornation.

. Qpen Circuit. In the loop type initiating circuit shown in
Figure 2-35, an open circuit fault condition mght require two
faults in order to cause circuit malfunction, depending on the
fault location. If a broken wire occurs at point D, both
initiating devices continue to operate normally. Due to the
| ack of supervision, there is no indication of the broken wre.
The open circuit is detectable only by disconnecting the four
initiating circuit wires at the control unit or annunciator and
measuring the two loops for continuity with an ohmeter.

Some unsupervised initiating circuits are conposed of two parallel wires
with normal Iy open initiating devices connected across them as in Figure
2-35, but with the circuit dead-ended at the last device. In these circuits
an open circuit fault is immune to nost practical detection and
troubl eshooting nethods, except for periodic testing of initiating devices,
especially those which are electrically nmore distant from the source.

. Gound Fault. One ground fault in an unsupervised circuit would
not cause a functional problem If the alarm system were
intentionally grounded at some point, for a functional or safety
reason, an additional circuit ground m ght cause a nal function
or another circuit problem indication, such as a blown fuse.

Two circuit grounds on opposite sides of the initiating circuit,
such as at points F and G in Figure 2-35 would be a short
circuit, causing a false alarm

Initiating circuit ground faults can be located and repaired using the
met hod of troubl eshooting described for power circuits in Figure 3-9.
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START

not tripped. Indicates "open"
power circuit fault.

AC power failure. Circuit breaker

!

Disconnect both ends of power

if necessary.

source wiring. Twist wires together
and connect to electrical ground
or to conduit with auxiliary wire,

!

end of wiring with ohmmeter.
Measure resistance from each
wire to electrical ground or to

ment is infinite is open wire.

Check for continuity at equipment

conduit. Wire for which measure-

1

One wire shows infinite resistance Loose sptice(s)
to ground. Open junction boxes found. Correct
between power panel and equip- loose splices.
ment and inspect for loose splices Recheck con-
in wire of color showing infinite tinuity.

All wires show low resistance

to ground or conduit. This indi-
cates original problem was loose
connection at one of disconnected
terminals or elsewhere.

L

resistance. r l

Infinite resistance remains. At
approximate halfway point, con-
nect power circuit wires together
and to ground and recheck continuity
as before at equipment end.

Pull on wires individually at equip-
ment end until one to two inches
of added wire is obtained at equip-
ment end. Recheck continuity

as before after confirming ground
connection at power panel end

t

All wires show low resistance

is still good.

to ground. Open circuit fault
is in position between present
ground and previous ground.

¥

All wires show low resistance

to ground. Reconnect wires with
power off. Tighten terminals.
Restore power and confirm normal
operation.

Open junction boxes in suspicious
section of conduit and inspect
for loose splices in wire of color
showing infinite resistance.

4

END

Loose splice(s) found. Correct
loose splice(s). Recheck continuity
as tested when last infinite resis-
tance reading was obtained.

{

All wires show low resistance

to ground. Reconnect wires with
power off, Tighten terminals.
Restore power and confirm nor-
mal operation.

Infinite resistance remains. At
approximate midway point of
suspicious section of conduit,

at a convenient junction box,
correct power circuit wires to-
gether and to ground. Separate
wires toward equipment end and
remove previous ground connec-
tion at that point. Check for
continuity from each wire to
ground.

END

Continue process until open sec-
tion is isolated and can be replaced
or repaired.

FI GURE 3-7

TROUBLESHOOTI NG CHART FOR POAER Cl RCUI T OPEN FAULT
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START

Continuous alarm,

with all initiating
devices reset, indicates presence of a
short circuit.

!

Tag and disconnect initiating circuit
wires at control unit or annunciator.

4

wires.

With ohmmeter, check for continuity
between each initiating circuit wire and
each of the other

initiating circuit

\

Low resistance is measured
between plus (+) and negative (-)

initiating circuit wires(s).

/

Separate initiating circuit into
approximate halves at a convenient
junction box or at an alarm initiat-
ing device.

Check each half circuit for low
resistance between plus (+) and
minus (-) initiating circuit wires.

\

Continue dividing low resistance
half circuit into halves and check-
ing continuity until short circuit
can be located.

\

Check for and correct, if neces-
sary, any continuity observed
between wires and conduit near the
short circuit.

)

After repair of short circuit,
reconnect wires disconnected dur-
ing troubleshooting.

END

FI GURE 3-8

\

Infinite or high resistance between

plus {+) and minus (-} initiating circuit
wires.

[

Investigate possibility of internal short
circuit in control unit or annunciator
between plus (+) and minus (-) initiat-
ing circuit terminals.

END

TROUBLESHOOTI NG CHART FOR A SHORT CIRCUI T FAULT
IN AN UNSUPERVI SED INITIATING CIRCU T
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START

trips.

AC power failure. Circuit breaker

CAUTION NOTE:

Y

Disconnect both ends of power
source wiring and tape equip-
ment ends of wire separately.

!

Check for continuity to conduit
from source end of power wires
using ohmmeter R x 1 scale.

R}

v

Insure power is off
before touching wires.

Measurable low resistance con-
firms ground fault in wiring.

Separate circuit wiring in halves at
a convenient junction box, taping new
exposed ends. Check both halves of
each wire for cortinuity to conduit.

[

Infinite resistance rules out power source
ground as the cause of the power failure.

circuit wires.

Check for continuity between each power
circuit wire and each of the other power

Wire section which shows continuity
to conduit is the grounded section.
Redivide it in halves and check both
halves as before.

A

When grounded section is found,
examine wire and splices for bare
wire which could explain the con-
tinuity to the conduit.

|

Insulate bare wire with insulating tape
or insulate splice with wire connector
or insulating tape. Recheck continuity
to ground to confirm repair.

i

Reconnect disconnected wires and
restore power.

END

Measurable low resist-
ance for any reading
indicates short cir-

cuit between power cir-
cuit wires for which

low reading was obtained.

Infinite resist-

ance readings rule
out power source
wiring as the cause
of the power failure.

1
See Figure 3-10
for  short o rauit
troubleshooting.

FI GURE 3-9

Check equipment
for internal short
circuit or ground.

END

TROUBLESHOOTI NG CHART FOR PONER CIRCUIT GROUND FAULT
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3.5.3.4 Series Nornmally Cosed Initiating Circuit

Faults. These

circuits are one type of supervised circuit.

CAUTI ON  NOTE:
Insure power is off
before touching wires.

START

Continuity between power circuit
wires indicates short circuit.

v

Separate circuit wiring in halves
at a convenient junction box,
taping new exposed ends. Check
both halves for wire-to-wire con-
tinuity.

v

Section of wiring which shows
continuity between wires is the
short circuited section. Redivide
it in halves and check both halves

as before.
v

Continue dividing in halves until
short circuited section is found.
Examine wires and splices for
bare adjacent wires, which could
explain the short circuit.

v

Insulate bare wire with insulating
tape or insulate splice with wire
connector or insulating tape. Re-
check continuity between sepa-
rate power wires to confirm
repair of short circuit.

v

Reconnect disconnected wires and
restore power.

END

FI GURE 3-10

TROUBLESHOOTI NG CHART FOR A SHORT

CRCUT FAULT IN A PONER CIRCU T

. Short Circuit. Typically, a short

circuit fault on a series normally
closed circuit causes no indication at
the control unit or annunciator,

A short circuit between the two sides of
the initiating circuit [oop would only
bypass and deactivate the devices beyond the

short circuit wthout causing any change in
the circuit condition as seen from the
source. The only effective way of detecting
the fault would be periodic testing of

initiating devices, especially those
electrically distant from the source. |If a
device does not work during this routine
test, test additional devices to determne
if only the one device tested or a whole
section of the circuit is defective. If a
group of devices distant from the control
unit or annunciator does not work, a short
circuit fault exists and its location is
between the nost electrically remte
operative device and the electrically
nearest inoperative device. (See Figure
3-10).

e Open Circuit. An open circuit fault on
a series normally closed circuit causes
an alarmto be indicated by the control
unit or annunciator. The two sides of
the circuit |loop of Figure 2-33
normal |y are run together through the
same conduit and junction boxes, which
makes it practical to measure
continuity as instructed in Figure
3-11. In searching for the fault,
especially for |oose connections at
splices and at initiating device screw
termnals. Follow the troubl eshooting
steps in Figure 3-11.

| ook

* Gound Fault. A single ground fault on
a normally closed initiating circuit
shoul d not cause a problem but there
mght be a circuit trouble indication at
the control unit or annunciator if
ground fault detection is a feature of
the equipnent. Even a single fault
shoul d be corrected so that a

possible additional fault will not cause
a serious defect in the alarm system
Two ground faults result in a short

circuit between the two faults.
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Fol | ow these steps for troubleshooting a ground fault:

1.

Tag and disconnect the initiating circuit loop at the control
unit or annunciator termnals.

Wth an ohmmeter, check for continuity between each end of the
circuit loop and an unpainted spot on the electrical conduit or
anot her ground, such as a cold water pipe. Continuity confirns
that at least one circuit ground fault exists. An infinite
reading (no continuity) suggests looking in the control unit or
annunci ator for the ground fault.

At a point that is electrically about hal fway between the source
and the end of the circuit loop, break both sides of the |oop by
di sconnecting wires at a convenient initiating device or
junction box. Check for continuity between each wire and ground
separately.

Each tine continuity to ground is found, nmove toward the ground
fault at a new test point hal fway between the present test point
and the end of the circuit loop and check as in Step 3 until the
fault is found and repaired

Reconnect all disconnected wires and test alarm using an
initiating device farther fromthe control unit or annunciator
than the repaired fault.

3.5.3.5 Cass B lnitiating Circuit Faults. A Cass B initiating
circuit is shown in Figure 2-24. It is a supervised circuit in that an open

circuit fault

is indicated at the control unit or annunciator as trouble.

Short Circuit. A short circuit between two points on the sane
side of the circuit does not harm systemoperation and is
nornmal Iy not detected unless the short circuit also involves one
or nore ground faults. A short circuit between wires on
opposite sides of the circuit causes an alarm A clue to this
condition is the fact that an alarmcondition exists for an
initiating circuit, but inspection shows that none of the
initiating devices connected to that circuit have operated

Fol |l ow these troubl eshooting steps

1

Tag and di sconnect the initiating circuit |oop at the control
unit or annunciator termnals.

Measure the initiating circuit resistance with an ohmeter. A
val ue of 100 ohms or less confirms a short circuit. The |ower
the value, the closer to the source the fault is located. A
neasurenent equal to the end-of-line resistor value or slightly
hi gher is normal and suggests looking in the control unit or
annunci ator for the fault. (Determne the proper value of the
resistor, wusually 1,000 to 2,000 ohns, fromreference materials
on the equipnent.)
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START

False alarm indicates open Iinitiating
circuit.

Silence alarm by operating alarm
silence switch.

Disconnect initiating circuit loop at
control unit or annunciator.

Check continuity of circuit loop with

ohmmeter.
Open circuit confirms first Continuity of circuit loop sug- |
{ diagnosis of open initiating _ gests looking for broken wire or
circuit. poor connection inside control
unit or annunciator.

Leave loop wires off terminals
in control unit or annunciator. END
Check continuity across loop

a madiiim dictanco i
(*3 IRRAANPAVIDE | NdAJ LTI 4

at
at

ing device.

|

If measurement shows no con- If measurement shows con-
tinuity, open circuit break is tinuity, open circuit break
1taward end of circuitlaon. s tawardsource.

Continue continuity checks as
above moving halfway toward last

previous test point or toward end
of circuit in fault direction.

When break is found, repair open
circuit, reconnect wires discon-
nected and restore alarm silence
switch to normal position. Test a
distant initiating device.

END

FI GURE 3-11
TROUBLESHOOTI NG CHART FOR AN OPEN CI RCUI T FAULT
IN A SERIES NORMALLY CLOSED ‘CIRCUI T
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Cont i

If resistance neasured is low, confirmng a short circuit, nove
to a point that is electrically about hal fway between the source
and the end-of-line resistor for the next resistance
measurenent. A very |ow resistance, near zero, indicates the
short circuit is quite near the test point. A resistance of 50
to 100 ohns indicates that the circuit is a long one of snaller
gauge wire and that the short circuit fault is near the end of
the circuit. At each new test |ocation, break both sides of the
circuit by disconnecting wires at a convenient initiating device
or junction box. Measure circuit resistance in the direction
toward the end of the circuit.

Low resi stance neasured fromthe second |ocation, |ess than 100
ohns, indicates the short circuit is still farther toward the
end- of the circuit. H gh resistance, approximating the
end-of-1ine resistor value, indicates that the short circuit is
closer to the control unit.

Conti nue noving toward the short circuit, dividing the circuit

approximately in halves each time, and repeat the measurenent of
resi stance toward the end of the circuit using the guidelines in
Step 4 as the rule for interpreting each succeeding neasurenent.

When the fault is located, repair it, reconnect the di sconnected
wires, and restore the circuit to normal service.

Open Circuit. An open circuit fault in a Cass Bcircuit stops
the supervising current. The trouble relay at the control unit
or annunci ator deenergizes and trouble indicators are activated
for the circuit. Initiating devices closer to the control unit
or annunciator than the open fault nmay continue to function.
Devi ces beyond the fault cannot operate. If an open circuit
fault occurs, turn off any audible trouble signals by operating
the trouble silence switch.

nue troubl eshooting by using the follow ng steps:

Tag and disconnect the initiating circuit loop at the control
unit or annunciator termnals.

Measure the initiating circuit resistance with an ohmeter. An
infinite reading (no change in neter reading with neter

di sconnected from the circuit) confirnms an open circuit fault.
A measurenent equal to the end-of-line resistor value, or
slightly higher, is normal and suggests looking in the control
unit or annunciator for the fault.

If the open circuit fault is confirmed, |eave the two circuit
-wires off their termnals, taped separately. Moyve to a point
that is electrically about halfway between the source and the
end-of -1ine resistor for the next resistance measurenent.
Choose a convenient initiating device or junction box and
measure resistance across the two sides of the initiating

circuit. If the neasurement is still infinite, the open circuit
fault is still farther along the circuit toward the end-of-1line
resistor. [f the measurenent is now about equal to the
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end-of-l1ine resistor value, the open circuit fault is between
the present neasurement point and the source.

Mve toward the fault to a point electrically about halfway
bet ween the present measurenent point and the end-of-line
resistor or the source and nmeasure resistance across the circuit.

Infinite readings indicate the open circuit fault is toward the
end-of-line resistor fromthe new test point. Readings
approximating the end-of-line resistor value indicate the open
circuit fault is toward the source.

Continue taking new readings, advancing toward the fault. Look
especially for |oose connections at splices and at initiating
device screw termnals.

When the fault is located, repair it, reconnect wires at the
control unit or annunciator, and restore alarm service.

Gound Fault. A single ground fault on a ass Binitiating
circuit should not cause any malfunction, but a circuit trouble
indication mght be caused at the control unit or annunciator if
ground fault detection is a feature of the equipment. Even a
single fault should be corrected so that a possible additional
fault will not cause a serious deficiency in the alarm system
Two ground faults on opposite sides of the initiating circuit
cause a short circuit between the two faults. Follow

troubl eshooting directions described earlier for a short circuit
fault. Troubleshooting for a single ground fault is
acconplished by following the steps listed in section 3.5.3.4.

3.5.3.6 Class A lnitiating Grcuit Faults. A Class Ainitiating
circuit is shown in Figure 2-30. Supervision of the circuit is such that a
fault is indicated at the control unit or annunciator as trouble and
initiating devices continue to function.

Short Circuit. A short circuit fault between two points on the
same conductor would not affect system operation and would not
be detected unless the short circuit involved one or nore ground
faults. A short circuit between two points on different |oops
of the circuit (between the A and B |oops of Figure 2-30) causes
an alarmindication at the control unit or annunciator. The
alarm can be identified as a false alarm by the fact that no
initiating devices are actuated as a result of an abnormal
condi ti on.

Fol | ow these troubl eshooting steps:

1.

Tag and disconnect the initiating circuit wires at the control
unit or annunciator.

Wth an ohmmeter check for continuity between the A and B

loops .  The two A ends and the two B ends show continuity with
no fault present. Continuity between A and B | oops confirns a
short circuit fault. If there is no continuity between A and B
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loops , look for a short circuit in the control unit or
annunciator. Note the color coding of the wires for future
reference

If there is a short circuit, nmove to a point electrically about
hal fway between the source and the npst distant initiating
device on the circuit for the next continuity check with the
ohmrmeter. At a convenient initiating device or junction box
break the four wires at splices and/or screw terminals and check
for continuity between A and B | oops, both on the wires |eading
back to the source and on the wires |eading toward the nore
distant initiating devices. (Use the previously noted color
coding to identify wires.) If continuity is found between A and
B | oops only toward the nore distant devices or only toward the
source, the disconnected wires nay be reconnected before noving
to the next test point. If continuity is found in both
directions, there are at least two short circuit faults to be
repaired, one in each direction

Each tine continuity is found between A and B | oops, nove in the
direction indicated by the continuity to a new test point about
hal fway between the present test point and the |ast previous
test point or the end of the circuit in that direction (source
or end-of-line resistor). Look especially for pinched and
damaged wires and faulty initiating devices

When the fault is located, repair it, reconnect all disconnected
wires, performa test using one of the distant initiating
devices on the circuit, and restore the alarm system to service

Qpen Circuit. An open circuit fault in a Class A circuit
activates trouble indicators for the circuit. Initiating
devices on both sides of the fault still operate and are capable
of causing an alarm |If an open circuit fault occurs, turn off
the audible trouble signals.

Continue troubleshooting by using the followi ng steps

L

Tag and disconnect the initiating circuit wires at the contro
unit or annunciator.

Wth an ohmreter, neasure the initiating circuit |oop
resistances for both the A and B loops. An infinite resistance
reading on either loop confirns an open circuit fault. If
continuity is found on both loops, this suggests an open circuit
fault inside the control unit or annunciator and further

troubl eshooting effort should be nmade in that direction.

If an A or B loop open circuit fault is confirmed, note the
color coding of the wires for future reference. Insulate the
bare ends of the initiating circuit wires with tape. Mve to a
point that is electrically about hal fway between the source and
the nost distant initiating device on the circuit for the next
continuity check with the ohmeter. At a convenient initiating
device or junction box, identify the A and B |oops (color

coded) . Check continuity of both loops with the ohmeter. If
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an infinite reading is still registered for one of the loops (it
should be the sanme | oop as before), the open circuit fault is
still electrically farther from the source. If continuity is
now shown for both loops, the fault is back toward the source.

4, Move in the direction of the fault to a new test point about
hal fway between the present test point and the end of the
circuit in that direction (source or nost distant initiating
devi ce).

5. Each tine A and B loop continuity is checked, an infinite
reading indicates the fault is further fromthe source. If
continuity is obtained for both loops, the fault is toward the
source. Continue noving toward the fault, checking for
continuity and | oose or broken wires, especially at junction
boxes and initiating devices

6. When the fault is located, repair it, reconnect wires at the
control unit or annunciator, test the alarmsystemusing a
distant initiating device on the circuit, and restore alarm
servi ce.

. Gound Fault. Gound fault detection is frequently provided in
control units with dass A initiating circuits. A ground fault
causes a trouble indication or a ground fault indication on
control units having the ground fault detection feature. A
single ground fault will not cause a nal function or deactivation
of any portion of the alarmsystem but should be corrected so
that a possible additional fault will not cause a serious
deficiency in the alarm system Two ground faults on different
| oops of the initiating circuit result in a short circuit
fault. First troubleshoot and repair the short circuit fault
and then check for a possible renaining ground fault
Troubl eshooting for a ground fault may be acconplished by the
following the steps in section 3.5.3.4 for each |oop

3.5.4 Indicating Circuit Faults. Operating tests of indicating circuits
to locate and repair faults are best performed after normal working hours to
avoid disruption of nornmal activities, unless tests are conbined with regul ar
drills.

3.5.4.1 Unsupervised Circuits. Except for false alarns, synptons of
faults in unsupervised circuits occur only during tests of the alarm system
Therefore, test alarmsystenms with unsupervised initiating and indicating
circuits regularly.

I Short Gircuit. A short circuit fault in an unsupervised
indicating circuit is very difficult to detect by the usual test
nmet hods because the nornal circuit resistance is quite low. A
short circuit is just a lowresistance in parallel with the | ow
resistance indicating devices

Synptoms would be a blown fuse at the control unit or power supply during

a routine systemtest or fire drill and audible devices that do not operate as
loudly as usual
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If you suspect a short circuit fault, the follow ng troubl eshooting
steps may help locate the fault:

1

There may be several indicating circuits powered from one power
supply or fuse in the control unit. Separate the several
circuits fromeach other by tagging the wires and di sconnecting
them from the control unit termnals. It may be necessary to
meke continuity neasurenents to confirmthat the wires from each
circuit are tagged separately. Conpare the resistance readings
for the indicating circuits using the xlI resistance range of the
ohmet er . If there is a short circuit fault, that circuit
should have a |ower resistance reading than the others.

Insulate the individual bare wires of the circuit being checked
with tape.

Determine how the circuit wires are routed using the best
available information you may have to trace the wire or conduit
route. Move to a point electrically about hal fway between the
control unit and the nost distant indicating device for the next
check. At a convenient initiating device or junction box,
separate the wires leading back to the control unit from those
leading to the nore distant indicating devices by disconnecting
them at device ternminals or at splices. Measure circuit
resistance in both directions. The short circuit fault should
be in the direction of the |ower resistance.

Move toward the fault to a new test point about hal fway between
the present test point and the last test point or the end of the
circuit in that direction (power source or last indicating

devi ce). Separate the wires toward the control unit from those
| eading away from the control unit and again neasure the circuit
resistance on the xlI scale of the ohmeter in both directions.
The fault will be in the |ow resistance direction.

Continue to nove toward the fault, |ooking for pinched and
damaged wi res and for inproper connections at indicating
devices. Make careful measurenents at each new test point,
since the difference between normal and abnormal resistance may
be only slight.

When the fault is located, repair it, reconnect all wires, test
the indicating devices, and restore the alarm system to service.

Qpen Circuit. The effect of an open circuit fault on an
unsupervi sed indicating circuit depends on whether the circuit

i s composed of two loops, with each end of a |oop connected to
the sane terminal at the control unit, or of two parallel wres,
which start at the control unit and termnate at the |ast

indicating device. In the loop circuit, tw open circuit faults
in the same |oop woul d deactivate indicating devices between the
two faults. In the two wire parallel circuit, one open circuit

fault near the control unit would deactivate all the indicating
devices. The only sign of an open circuit fault is the failure
of one or nore indicating devices during an alarm system test or
afiredrill.
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The followi ng troubleshooting steps will help locate the fault

1. Qperate the systemtest or drill switch at the control unit and
check operation of each indicating device on the suspected
faulty circuit.

2. Check the circuit connections at any device with intermttent or
weak signals. If a group does not work, check circuit
connections at the working and nonworki ng devices at each end of
the group. Make sure that terminal screws are clean and snug
and that there are no broken wires at the devices checked

3. If the fault was not located in Step 2, check the wiring between
wor ki ng and nonwor ki ng devi ces, |ooking especially for poor
splice connections at junction boxes.

4, If all the indicating devices on a circuit do not work, check
for a blown fuse or poor connections at the control unit or at
the first indicating device on the circuit.

5. When the open circuit fault is found, repair the fault and
retest the indicating circuit to confirmthat all indicating
devi ces work properly.

6. In loop type indicating circuits, disconnect the circuit wires
at the control unit and check continuity in both |oops. If
infinite resistance is found in one loop, reconnect circuit
wires at the control unit, except for one end of the infinite
resistance loop. Retest the indicating circuit as in Step 1,
and additional steps as necessary, to locate and repair the
fault. Retest continuity on the previously open |oop, reconnect
the loose wire at the control unit, retest the indicating
circuit and devices, and restore the alarm systemto service

. Gound Fault. A single ground fault in an unsupervised
indicating circuit may not cause any synptons unless the
indicating circuit is ACline powered, If the ground fault is on
the “hot” side of the AC circuit and the indicating circuit is
tested, a fuse or circuit breaker at the control unit or at the
power panel supplying the alarm systemw Il “blow.” A ground
fault on the neutral side of the indicating circuit causes no
symptons.  Two ground faults on opposite sides of the indicating
circuit are also a short circuit. Troubleshooting for the short
circuit may be acconplished as described earlier. Troubl eshoot
for a ground fault by following the steps in section 3.5.3.4

3.5.4.2 Series Normally Cosed Circuits. Series normally closed
indicating circuits are usually supervised and powered by the AC line. Trouble
indicators at the control unit indicate a fault. COher synmptons of a fault
are failure of some or all indicating devices on the circuit of operate and a
blown fuse or circuit breaker. Blown fuses and circuit breakers indicate
excessive current and are caused by short circuit and ground faults. An open
circuit fault causes a trouble indication and all the indicating devices fai
to operate. To avoid shock, disconnect AC power to the faulty indicating
circuit before starting to disconnect wires and make continuity measurements
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. Short Circuit. A short circuit fault near the end of an
indicating circuit may not imrediately actuate overcurrent
devices (fuse, circuit breaker, or current cutoff/tiner), but
wi || deactivate one or nore indicating devices at the end of the
indicating circuit away from the control unit. The fault is
| ocated between the |ast working indicating device and the first
nonwor ki ng indicating device.

If overcurrent devices are actuated and prevent locating the fault, it may
be necessary to reset overcurrent devices, position someone near the
indicating devices to tell which ones operate, and operate the test or dril
switch. Repeat the test until the fault is |ocated

. Qpen Circuit. An open circuit fault causes all indicating
devices on the circuit to fail. Fuses do not blow unless there
is also a ground or short circuit fault on the control unit side
of the open circuit fault. In that case, check for and repair
the ground or short circuit fault first.

To locate and repair an open circuit fault on a normally closed indicating
circuit, the troubleshooting steps in section 3.5.3.5 may help.

. Gound Fault. Since series normally closed indicating circuits
are usually AC line powered, during an alarmone side of the
circuit is grounded. Any additional ground on the circuit may
short circuit sone indicating devices, resulting in the synptons
of a short circuit fault. Check for and repair the short
circuit fault first. Troubl eshooting for a ground fault may be
acconplished by following the steps in section 3.5.3.4

3.5.4.3 Cass B Indicating Grcuit. A Cass Bindicating circuit is
shown in Figure 2-29. An open or short circuit fault in a Class B indicating
circuit causes a trouble indication at the control unit. A ground fault my
al so cause a trouble indication if ground fault detection is a feature of the
control wunit.

. Short Circuit. A short circuit between two points on the sane
side of the circuit does not affect operation of indicating
devices and is normally not detected unless some other fault is
also involved. A short circuit between two points on opposite
sides of the circuit causes an increase in supervising current.
Trouble is indicated at the control unit. A short circuit fault
may be caused by pinched or danaged wires or by a defective
diode at an indicating device. Turn off the trouble indication
at the control unit and locate the fault by follow ng the
troubl eshooting steps in section 3.5.3.5. Polarity of the
ohmeter for this neasurement is inportant.

. Qpen Circuit. An open circuit fault in a Class B indicating
circuit elimnates the circuit supervisory current, causing a
trouble signal at the control unit. Operating the test or dril
switch turns on any indicating devices between the control unit
and the open circuit fault. Note which indicating devices
operate and examine the wiring for the fault. Look for |oose
connections at splices and devices, and for damnaged wire, then:
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1. If none of the indicating devices operate, the fault is either
in the control unit or between the control unit and the nearest
indicating device. Disconnect the circuit at the control unit
termnals and neasure circuit resistance tw ce, using both
polarities of the ohmeter. |If you do not get an infinite
reading, the open circuit is probably inside the control unit.
If the open circuit fault is between the control unit and the
first indicating device, an infinite reading with both
polarities should result.

2. I f sone indicating devices nearer the control unit operate while
others further fromthe control unit do not, the open circuit
fault is located between the |ast working and the first
nonwor ki ng devi ces.

3. If all the indicating devices work, but trouble is indicated at
the control unit, neasure circuit resistance at the contro
unit, using both ohmreter polarities, with the circuit wires

di sconnected from the control unit. If an infinite reading is
obtained with one polarity and a low reading with the other, the
end-of -line resistor may be damaged or disconnected. It is

usual ly located at or very near the farthest indicating device
on the circuit.

4, | f one indicated device does not work and there is no trouble
indication, the device is probably defective. An open circuit
fault in the internal diode or in the coil of the device are
likely defects.

. Gound Fault. A ground fault in a Cass Bindicating circuit
causes a trouble indication at the control unit if ground fault
detection is a feature of the equipnent; otherwise the fault nmay
not be noticed. Two ground faults on opposite sides of the

circuit are also a short circuit fault. Follow the short
circuit troubl eshooting steps and repair the short circuit fault
first.

Troubl eshooting for a single ground fault is the same as described for a
ground fault in a Cass Binitiating circuit except that for indicating
circuits, there is no annunci ator.

3.5.4.4 Cass Alndicating Grcuit Faults. Figure 2-32 shows a Cl ass

A indicating circuit. If a single open or ground fault occurs, trouble is
indicated at the control unit and all the indicating devices continue to
operate. If there are two faults or a short circuit fault, indicating devices

may fail to operate.

. Short Circuit. A short circuit fault in a Class A indicating
circuit causes a trouble indication at the control unit, blown
indicating circuit fuses or circuit breakers, and indicating
devices to fail. Turn off any trouble signals and begin
troubl eshooting followi ng the same steps as for a short circuit
ina Cdass Ainitiating circuit. Measure continuity of the A
and B circuit loops to confirm loop identification. Check
continuity between A and B | oops using both polarities of the

3-41



ohnmet er. [f continuity “is shown for both polarities, the short
circuit fault is confirned.

. Qpen Circuit. The only synptom of an open circuit fault in a
Cass A indicating circuit is a trouble indication at the
control unit. Turn off the trouble signals and begin
troubl eshooting as with an open circuit in a Class Ainitiating
circuit.

. Gound Fault. Gound fault detection on indicating circuits is
frequently provided as a feature in control units with Cass A
indicating circuits. A trouble indication or a specific ground
fault indication at the control unit would be the first sign of
such a fault. A single ground fault does not cause a
mal function or deactivate indicating devices but should be
corrected pronptly so that a possible additional fault does not
cause a deficiency. Two ground faults on different |oops of an
indicating circuit are also a short circuit fault. First follow
troubl eshooting steps for a short circuit fault.

Troubl eshooting for a ground fault may be acconplished by follow ng the
steps in section 3.5.3.4. If continuity to ground is found for one end of a
| oop, continuity to the same ground fault may be found for all four wres,
dependi ng on ohnmmeter polarity with respect to diodes in the indicating
devi ces. If there is a ground fault indication at the control unit, but no
continuity to ground is found for the indicating circuit, the ground fault may
be in the control unit, an annunciator, or an initiating circuit.

3.5.5 Wre Pulling. If wiring is in conduit and a circuit fault is found,
it may be necessary to pull a section of wire out of the conduit and replace
it with undanaged wire. If the fault is in a short section of conduit between

two junction boxes, renpve the junction box covers and isolate the danaged
section of wiring by disconnecting it at the two junction boxes. Attach new
wire of the same color coding as the old to one end of the damnaged section of
wiring at one of the open junction boxes. (The strength of the mechanical
attachnment is inmportant, as well as its snoothness and small dianeter. )

Pull the newwire into the conduit by pulling on the unattached end of the
damaged wiring. Wen the new wire is in place, detach the damaged wire and
cut the new wire to the proper length, allowing sone slack. Test the new wire
to insure that there is no continuity to the conduit and no continuity
between conductors before connecting it to the original undamaged wiring.

If the junction boxes are far apart, if there are bends in the conduit, or
if the wire fits snugly in the conduit, it may be necessary to apply wre
pul ling compound to the wire as it is pulled into the conduit to reduce
friction.

3.6 FIRE ALARM | NI TI ATING DEVI CES. The nost nunmerous conponents of an alarm
system are usually initiating devices, They are throughout protected

bui I di ngs and are nore exposed to physical danmage than other parts of the
system

3.6.1 Manual Fire Alarns. Manual devices are probably the nost abused
initiating devices because they nust be easily accessible to the personnel in
the protected building. Vandalismand painting of normal devices along with
other routine painting are the nost frequent problems. Vandalism often
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results in breakage of a replaceable el ement nmade of glass or fiber. The

el ement is not essential for proper function in many manual devices but may
provide a psychol ogi cal deterrent to nischievous operation. Painting can
interfere with snooth functioning of the exposed moving parts and prevent
operation of screws, locks, and |atches used to open and reset manual devices
for testing.

3.6.1.1 Noncoded Fire Alarm Boxes. Figure 2-12 is an exanple of a
noncoded fire alarm (manual pull) box. Single action and double action
devices are both used. The single action device requires one action to cause
an alarm and a replaceable glass rod is broken with each operation. The
doubl e action device requires two actions to cause an alarm  first, the glass
wi ndow i s broken; second, the alarmlever is pulled. The glass elenents in
these two exanples are necessary parts to retain all the design features
Bot h devices can be tested w thout breaking the glass parts by opening the
device. Manual fire alarm boxes may require | oosening a set screw or
operating a latch with a hexagonal (allen) wench, screwdriver, or key to open.

3.6.1.2 Coded Fire Alarm Boxes. Figure 3-12 shows a coded fire alarm

box . Coding nechanisms are described in Section 2.2.2.2, “Initiating Devices
and Circuits.” Some comments on maintenance of coding driven nechanisms are
given in Section 3.3.8, “Mtors.” The device in Figure 3-12 uses a

repl aceabl e glass rod, which can be replaced w thout disassenmbling the box and
is not essential for proper operation. Resetting requires one-quarter turn of
an allen screw at the top, allowing the front to swing down and providing
access to the mechanism To reclose the device, reverse the operation.

3.6.1.3 Testing and Mintenance. Manua
initiating devices should be visually inspeated
monthly for physical damage due to vandalism
accident, and painting. At this time, count the
devices to be sure that none have been conceal ed
or renmoved. Correct deficiencies pronptly. Test
repai red units by nechanical operation and
transm ssion of local and rempte signals, w thout
gl ass breakage. Be sure to inform building and
fire departnment personnel that the test is to be
per f or med.

Test all manual devices on a rotation schedul e
so that all devices are tested sem annually,
except for coded manual fire alarm boxes which
should all be tested annually. Some devices
shoul d be tested each nonth, at |east one from
each initiating circuit (zone) or renote
signaling circuit, in the case of coded fire
al arm boxes. Keep accurate records of devices
tested, their locations, and the rotation
scheme. Store a copy of building system diagranms
and test records in the control unit.

3.6.1.4 Troubl eshooting. Troubl eshooting for
initiating circuit problens was described for
Control and Auxiliary Units. If, during testing,
proper signals are not obtained, determne if the

FI GURE 3-12 problemrelates to a circuit, a device or a
CODED FI RE ALARM BOX control unit. |f other nearby devices in the
sane circuit work properly, the problemis
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probably in the device. In noncoded manual devices, the only electrical
causes of malfunction are the circuit connections tothe device and the swtch.
If an exact replacenentspare switch or conplete device is available, make an

imredi ate repair or replacement. Be sure the term nal connections are snug
and that wires are not broken at the termnals. Breaks can occur inside the
insulation. To check, tug slightly on each wire near the termnal. [If an

i mredi ate repair cannot be made, tag the device as inoperative and return as
soon as possible to complete the repair.

If the conplete device is replaced with a new one and the only defective
conponent in the old device is the switch, order a replacenent switch, repair
the old device, and keep it as a spare. Always test repaired or replaced
devices and correct mistakes in reconnecting wires or in analyzing the problem

In coded manual devices, check the proper functioning of the drive
mechani sm by operating the device and listening for constant speed of the
mechanism  Next, |ook at the code wheel or camfor irregularities which m ght
explain any nalfunction. Examine circuit connections to the device for |oose
or intermttent connections. Look for absence of a ground wre connection and
check the continuity to ground for existing ground wires at the coding device,
if a ground connection is required. See Section 3.4.1.6, “Renpte Signa
Transmtters ,“ for information on other defects in coding contact adjustnent
and cl eani ng.

3.6.2 Automatic Fire Alarm Initiating Devices. Mst problens relating to
automatic devices are from painting and accidental damage. Painting sensing
devices slows or inhibits their response to a fire. Sone damage results from
vandal i sm especially to the larger, nore visible devices such as snoke
detectors. Even ninor danmge can prevent internal parts from operating. Al
t hese devices require routine inspection and testing and sone require periodic
cl eani ng.

3.6.2.1 Spot Type Heat Actuated Detectors. Spot type heat detectors
have a detecting elenent or elements which respond to tenperature conditions
at a single point.

. Fi xed Tenperature Detectors. These detectors are shown in
Figures 3-13, 3-14 and 3-15. Spot type fixed tenperature
detectors are mainly used in unattended spaces to detect
snol dering fires which increase the tenperature of a detector
above its design value, usually 135 to 145 or 185 to 200 F. The
hi gher tenperature devices are used in spaces which may reach
hi gh tenperatures under ordinary conditions, such as boiler
roons , attics, or cooking areas.

The device usually is actuated by nmelting or fusing an el ement made of a
fusible metal alloy. Actuated devices usually can be detected by visua
exam nation. In the devices of Figures 3-13 and 3-14, the snaller dianeter
part in the center drops away. In Figure 3-15, the dinple becomes a hole when
the detector operates.

Fi xed tenperature devices are often “non-restorable”; that is they are
designed for one time operation, then the whole device (Figures 3-13 and 3-15)
or the elenment (Figure 3-14) needs to be replaced

. Rate Conpensated Detectors. This type of detector is shown in
Figure 3-16. For low rates of tenperature change (up to 5 F per
mnute), rate conpensated detectors operate |ike fixed
tenmperature detectors. For higher rates of tenperature change
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the detector anticipates the rise in tenperature to its set

poi nt and operates faster than the usual fixed tenperature
detector. It automatically resets and is reusable when the
tenperature drops below its design value. There is no
difference in external appearance between an actuated device and
an unactuated device, so that its status nust be checked
electrically.

FI GURE 3-13 FI GURE 3-14
LOW PROFI LE HEAT DETECTOR REPLACEABLE ELEMENT FI XED
TEMPERATURE HEAT DETECTOR

T EIRE LOWE
3 o e e 5':"‘7.
o a0 e O
4

FI GURE 3-15 FI GURE 3-16
COVBI NATI ON  FI XED TEMPERATURE/ RATE COVPENSATED HEAT DETECTOR
RATE OF RI SE HEAT DETECTCR

. Rate of Rise Detectors. Thes e detectors are found in the styles
of Figures 3-13 and 3-15. Rate of rise detectors cause an al arm
whenever the rate of tenperature rise exceeds about 15°F per
mnute. Heating causes an increase in air pressure inside the
detector. A slow increase in pressure bleeds-off through a
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breat her valve while a fast increase operates a bellows type
di aphragm whi ch operates the alarm contact, causing a signal.
The detectors automatically reset after actuation and are
reusable. Actuation is not visually indicated.

. Combi nation Detectors. These detectors are found in the styles
of Figures 3-13 and 3-15. The conbination detector contains

both fixed tenperature and rate of rise elements. |f either
el ement actuates, an alarmresults. The fixed tenperature
elenent is visible and actuates only once. If the fixed

tenperature element actuates, the whole device nmust be
repl aced. The rate of rise element automatically resets and is
reusabl e.

. Thernopile Detectors. The detectors use one set of series
connected thernocouples, exposed to the environment through a
transparent done, and a simlar set is shielded inside the base
of the detecting element. If the detector is exposed to fire,
the exposed set experiences an increase in tenperature greater
than that experienced by the unexposed set. The thernocouples,
each conposed of a welded junction of dissinmlar netals,
generate a small voltage dependent on their tenmperature. The
hot, exposed thernocoupl es generate a higher voltage than the
cool er, unexposed ones. \Wen the voltage difference is great
enough to cause an alarm the heat detector control unit is
activated. This type of detector acts as a rate of rise heat
detector which can effectively protect large areas. Thernopile
detectors automatically reset and are reusable.

. Thermi stor Detectors. Thermistor type heat detectors use
sem conductor material with a high negative coefficient of
resistance. The resistance of the thermistor drops rapidly to a
low value as its tenperature increases and causes an alarm
signal. This device autonatically resets and is reusable. In
its sinplest form the thermstor acts as a fixed tenperature
heat detector, though it may be found as a rate of rise detector
using additional circuitry.

. Testing and Maintenance of Spot Type Heat Detectors. Spot type
heat actuated detectors should be inspected monthly for physical
damage and for painting. Painting slows or inhibits the
response of devices to a fire. Replace any painted or damaged
devices. During the nonthly inspection, note any new encl osed
spaces and add detectors if needed.

Test restorable heat detectors sem annually on a rotation schedule to

insure that all devices will be tested over a 5-year period. During the
sem annual tests, select at |east one detector from each initiating circuit
(zone) for testing. Nonreusable detectors with replaceable el enents can be
tested by renoving and reinstalling the element. Test and replace all
nonreusabl e detectors in a 5-year period after the 15th year. The testing
provides training opportunities and inproves the alarmsystemreliability:
Keep accurate records of devices tested, their locations; and the rotation
scheme so no devices are overlooked and so that others can do the testing.
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Spot type heat actuated detectors can be tested using various sources of
heat. If the detector is located in a hazardous area which may contain
expl osive fumes or other highly flammble materials, use an expl osi on- proof
lanp. For nonhazardous areas, the heat source may be an infrared lanp, a hair
dryer, or a hot air gun. Be careful to avoid heat or snoke damage to reusable
detectors and to the surroundings. Test both the rate of rise and fixed
temperature features in conbination detectors which have a nonreusable fixed
tenperature elenent. First use a higher heat level for a short period and
direct it away fromthe fusible fixed tenperature elenent, if possible, to
actuate only the rate of rise elenent. \hen an alarmoccurs, allow Cooling

and reset and then apply nore gradual heat to actuate the fixed tenperature
el ement .

. Tr oubl eshoot i ng. See Sections 3.5.3.3 through 3.5.3.6 for
troubl eshooting of initiating circuit problems. Troubl eshoot
special circuits for thernopile or thernistor type detectors
according to the detector manufacturer's instructions. |f you
do not obtain a proper signal during a test, determine if the
problemrelates to a circuit, a device, or a control unit. If
other nearby devices in the same circuit work properly, the
problem is probably related to the device

Be careful not to test the detector in a way that will destroy the
element. A non-restorable detector cannot actually be heat tested as a
practical matter, but proper circuit function can be tested by short
circuiting detector terminals with a screwdriver for nornally open detectors
by renoving and reinstalling the replaceable elenment for replaceabl e el enent
detectors, or by renmoving a wire for normally closed detectors. If there is
still a problem check for loose or intermttent connections at termnals,
Tug lightly on wires at the termnals to check for firmconnections and the
absence of any broken wires.

If it appears that the device is the cause of the problem follow these
rul es:

1. If the device caused no alarmduring a routine test, first make
sure that the alarm was not deactivated by the alarm silence
switch.

2. I[f a heat detector causes a continuous alarm at the contro

unit, remove the detector fromthe initiating circuit and
reestablish the initiating circuit tenporarily to see if the
alarm condition can be restored to normal. If so, replace the
detector and reconnect wires permanently.

3. If a detector is defective but no replacement is imediately
avai l able, renmpve the detector, reestablish the initiating
circuit, and tag the location with information on the type and
rating of the replacenent required. Cbtain and install the
repl acenent as pronptly as possible. After installing a new
device, check the wring connections
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3.6.2.2 Line Type Heat-Actuated Detectors. A line type heat detector
senses tenperature conditions along a line. The |line type detector may be
formed into a rectangle or sone other shape to suit the area protected

. Line Type Fixed Tenperature Detector. One type of line type
fixed tenperature detector uses a pair of steel wires in a
normal |y open circuit. The conductive wires are insulated from
each other by a thernoplastic nmaterial with a known melting
temperature. The wires are under tension and are hel d together
by a braided sheath or other suitable covering to prevent
mechani cal damage. At the design tenperature, the insulation
nmelts, contact is made between the two steel wires, and an alarm
signal is initiated. The nelted section of cable nust be
replaced after an alarm

e Line Type Rate of Rise Detector. A line type rate of rise
detector consists of a continuous |oop of netal tubing (usually
copper) , wthout branches, attached to the ceiling of the
protected area. There may be as nuch as 1,000 feet of tubing in
the |l oop, both ends terminating in an air chanber in the
detector unit. |If a section of tubing experiences a rapid
increase in tenperature, the air in the tubing expands faster
than it can be exhausted through an adjustable vent in the
detector unit. Bellows type diaphragns in the detector unit
expand, making an electrical contact which causes an alarm  The
bel | ows di aphragns are sonetinmes arranged to mechanically
actuate a coded transmitter in a coded alarm system

In a line detector systemwhich nmust protect a snall space, anong ot her
| arger protected spaces, it may be difficult to expose enough tubing to a
possible fire in the small space to obtain sensitivity. In that case a coi
of tubing, called a “rosette,” is inserted in the line where increased
sensitivity is needed

. Line Type Thermistor Detector. A line type therm stor heat
detector has a stainless steel capillary tube containing a
coaxi al center conductor separated fromthe tube wall by a
tenperature sensitive seniconductor. Under nornmal conditions, a
current, less than that required for an alarm flows in the
circuit. As the tenperature rises the resistance of the
sem conduct or decreases, allow ng nore current to flow and
causing an alarm  This type of detector acts as a fixed
tenmperature detector and is reusable.

o« Testing and Maintenance of Line Type Heat Detectors. Line type
heat detectors should be inspected nonthly for physical damage
and for painting. Painting slows or inhibits detector response
to a fire. Cable with heavy layers of paint should be replaced

Check for any changes in partitions or floor plan since detector
installation and rearrange or add detectors or rosettes as needed. Test the
reusable line type detectors semiannually, using a heat source such as a 300
to 400 watt infrared lamp. Test rosettes in a rate of rise tubing | oop on a
rotation schedule so all rosettes in a systemare tested at |east every five
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years. A rosette in an average size rate of rise systemshould respond to a
375-watt infrared lamp held 5 inches fromit in less than 1 ninute. Longer
exposure may discolor nearby painted surfaces. Additional tests to confirm
the integrity of the tubing (no | eaks or pinched tubing) and proper adjustnent
of breather vents should be done semi annually and problenms pronmptly corrected
in accordance with the manufacturer’s instructions

Nonreusable line type fixed tenperature detectors are usually provided
with a test switch at the end of the sensing cable. Operating the switch
causes an alarm Test the detector with the test switch sem annually and
repl ace any damaged or faulty cable sections promptly in accordance with the
manuf acturer’s instructions. Measure and record | oop resistance
sem annual ly.  Check the line type thermi stor detector semiannually with an
infrared |amp heat source as with other reusable line type detectors. Longer
exposure my discolor nearby painted surfaces. Vary the location along the
tube for each test. Measure and record detector resistance sem annually and
correct problens, such as danaged tubing, pronptly in accordance with the
manuf acturer’s instructions.

. Tr oubl eshoot i ng. Line type heat actuated detectors are somewhat
specialized with different characteristics depending on the
manuf acturer. Mst troubl eshooting should be performed using the
manuf acturer’s test kit and instructions.

Line Type Fixed Tenperature Detectors. For troubleshooting purposes, this
detector can be treated as either an unsupervised, Cass B, or ass A
initiating circuit, depending on the method of connecting the detector to the
control unit. Noticeable changes in sem annual resistance readings should be
checked unless there have been additions to the system Replace damaged cable
sections in accordance with the manufacturer’s instructions

Line Type Rate of Rise Detector. |If a pneumatic tubing detector |oop has no
rosettes, it is usually advisable to add at | east one rosette to sinplify
testing, unless the total length of tubing in the loop is small. If testing

fails to produce an alarm there may be pinhole air leaks in the systemor the
air vent at the nmain air chanber may bleed off air too rapidly. Check for air
| eaks, wusing the nmanufacturer’'s test kit and instructions. [f there are no

| eaks, adjust the vent to bleed off air slower to increase sensitivity.

Repl ace tubing sections with | eaks or crinps as the manufacturer reconmends,
and retest. If false alarns occur with rapid increases in tenperature due to
weat her, which are not corrected by vent adjustnent, |ook for an obstructed
vent. Clean the vent as the manufacturer reconmends, if it is obstructed, and
test.

Line Type Thernmistor Heat Detector. If a section of thermstor tubing is

pi nched, the other tube may be short circuited to the inner coaxial conductor
causing a continuous alarm condition. Exanmine the entire length of the tubing
for damage if this occurs. Radical changes in the seniannual resistance
measurenents should be checked. Repair or replace damaged sections in
accordance with the manufacturer’s instructions. Perform other tests,
following the manufacturer’s instructions. After repairs, repeat the tests.
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3.6.3 Snoke Actuated Detectors. Snmoke actuated detectors are ionization
or photoelectric type and spot, beam or duct design.

3.6.3.1 Spot Type Photoel ectric Smoke Detectors. Mst nodern spot
type photoelectric detectors use the light reflection principle to detect
smoke.  The diagramin Figure 3-17 shows a typical arrangement of functional
parts. A pulsed light beamfroma light enmtting diode (LED) with its
associ ated optics is projected across the interior of a blackened chanber
which may contain smoke to be detected. A photocell, with its optics, |ooks
toward the projected beam along a line perpendicular to the beam \Wen snoke
enters the chanmber, the snoke particles reflect a small portion of the |ight
beam toward the photocell, which provides a voltage to be amplified and causes
an alarm The light source nay be nonitored ahead of the snmoke chanmber and
regul ated to prevent variation of the light intensity fromcausing erratic
det ector behavior.

v

.

o
~
U N

e 7 NN
N\
Ay
A a
.y N

AW X,
S S
AWMLY S,

X

LED

LIGHT PHOTOCELL LENS  LIGHT SMOKE REFLECTED LIGHT
CATCHER BEAM  PARTICLES LIGHT LENS  SOURCE

TYPI CAL  ARRANGEMENT OF PHOTCELECTRIC SMOKE DETECTOR COVPONENTS

3.6.3.2 Spot Type lonization Snoke Detector. A snmall anount of

radi oactive naterial ionizes the air inside a chanber, which is open to the
ambient air. A nmeasured, snall electrical current is allowed to flow through
the ionized air. The small, solid particle products of conbustion which enter
the chanber as a result of fire interfere with the normal novenent of ions
(current) and, when the current drops |ow enough, an alarmresults. A two
position switch to control sensitivity may be provided. A detector of this
type is shown in Figure 3-18.
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FIGURE 3-18
IONIZATION SMOKE DETECTOR

Mbdern ionization detectors have additional mneans to inprove stability
and immunity to atmospheric effects. A reference chanmber is vented to the
outside only through a small orifice which does not readily admt snoke
particles. Tenmperature, humidity, and pressure changes are sensed by both the
ref erence chanber and the snmoke chanber, and their effects on alarm
sensitivity are elimnated by electronic bal ancing.

3.6.3.3 Beam Type Photoel ectric Snoke Detector. The projected beam
type photoel ectric snmoke detector uses a |light source and a |ight sensing
photocell, simlar to the spot type photoelectric detector. In the beam type
detector, the light source and photocell are nounted near the ceiling on
opposite sides of the protected room \Wen snoke obscures the |ight bel ow a
predeternined value at the photocell, an alarmresults. Sonetinmes the |ight
pat h between the source and the photocell is shielded to prevent |ight
bl ockage by solid objects. Mrrors may be used to increase the |ight beam
path length and protect larger areas or to give nore effective protection of
an area. Mbdern beam detectors may use nodul ated infra red beanms instead of
visible light beans.

3.6.3.4 Duct Type Photoel ectric Snoke Detector. The duct type
detector operates on the sanme principle and has the same internal construction
as spot type photoelectric detectors. The major difference between duct and
spot type detectors is the nethod of nmoving the snmoke into the detection
chanber.  The spot type detector relies on convection of air in a room The
duct type detector is intended for detecting snoke in an air handling system
It is nounted directly on the outside of an air duct or nearby with a sanpling
tube extending about three quarters of the way across the inside of the duct.
The sanpling tube has holes in it, directed upstream for normal airflowin
the duct to produce a cross sectional sanple of air fromthe duct. The air
flows into the snoke detection chanmber, nounted on the outside of the duct,
and back into the duct through a return tube, having a hole or holes directed
downstream As long as there is airflowin the duct, a portion of that air
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continuously flows through the detection chanber. A gasket seal prevents
ducted or anmbient air fromentering the snoke detecting chanber directly and
diluting the air sanple taken from inside the duct.

The duct type detector may have a key operated test/indicator station. The
duct detector may al so have nore and heavier duty alarm output contacts than
the spot type detector because the duct type detector is frequently used for
direct control of higher current electrical devices, such as HVAC fans and
danpers, or fire door releases, rather than for an alarmsystem which has
| ower current requirenments.

3.6.3.5 Duct Type lonization Snoke Detector. The duct type
i oni zation detector operates on the same principle and has the same interna
construction described earlier for spot type ionization detectors. The mgjor
di fference between the duct and spot type detectors is the method of noving
the snoke into the detection chamber. The spot type detector relies on
convection of air in a room The duct type detector is intended for detecting
snoke in an air handling systemand is nmounted directly on the outside of an
air duct or nearby with sanpling and return tubes extending conpletely across
the duct. Figure 3-19 shows a typical detector with sanpling and return
t ubes.

CONDUIT OPENING
(with Plug)

CONTROL SECTI
SAMPLING S ON

TUBES

ALARM LAMP

SAMPLING CHAMBER
COVER
(IONIZATION DETECTOR
LOCATED INSIDE
SAMPLING CHAMBER)

SENSITIVITY TEST
JACK

FI GURE 3-19
DUCT TYPE | ONI ZATI ON SMOKE DETECTOR

W de ducts which require |ong tubes require tube support with brackets or
holes in the duct wall. The outer ends of the tubes are sealed with rubber
stoppers or simlar nmeans. The inlet holes in the sanmpling tube are directed
into the airstream the outlet holes in the return tube are either directed
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downstream perpendicular to the airflow, or adjusted for a particular airflow
through the detector or pressure difference between the sanpling and return
tubes, depending on the manufacturer’s installation instructions. Norma
airflow velocity is usually 500 feet per minute; the normal pressure

di fference between sanpling and return tubes is usally one inch of water.

3.6.3.6 Testing and Mintenance. Snoke actuated detectors should be
inspected nmonthly for physical damage and for painting. Renmobve or mask the
det ectors when painting because paint nay prevent good electrical contact at
connectors and proper nechanical fit.

Repl ace spot type snoke detectors which show any of the follow ng during
the nmonthly inspection: corrosion, paint, paint renoval (indicating previous
pai nting), physical damage, exposure to grease or other deposits, corrosive
at nospheres, overvoltage surges or lightning damage. In many cases, renpved
detectors may be repairable by the manufacturer.

Before testing detectors which are connected to auxiliary functions, such as
rel ease of a fire extinguishing agent, release of fire doors, or fan shutdown,
di sconnect or bypass the auxiliary functions (unless the test is specifically
intended to test these features). Notify the fire department and persons
where the audible signals can be heard

Al types of snoke detectors should be tested seni-annually. A
calibration check should be performed after the first year of installation. If
the sensitivity has not changed since installation, then a calibration check
is needed only every other year.

. Spot Type Photoelectric Snoke Detector. Most detectors of this
type have a built-in test feature. In some nodels, a test |ight
source actuated by a key operated test switch or by holding a
magnet near a built-in reed switch causes light to reach the
normal |y dark, snoke sensing, photocell in a quantity
approximating the light of an average snoke test. In other
detector nodels, the snoke sinulation is performed by inserting
a reflective surface into the snoke chanber so that actua
source light is reflected to the snoke sensing photocell. Test
at least one detector in each initiating circuit (zone)
monthly. Follow a rotation schedule so that all detectors are
tested sem annually.

Test failures or false alarms may result from an excessive accumnul ation of
dust or dirt caused by an adverse environment. Blow out the snoke chanbers

with [ow pressure air. (Partial disassenbly of the detector and di sconnection
of detector power, follow ng the manufacturer’s instructions, are required.)
Since the photocell is nornmally dark, disassenble and clean in a darkened area

to minimze the photocell recovery tine after cleaning before repowering the
detector. Al low approximately 30 mnutes for recovery after reassenbly of the
detector before reconnecting power. Disconnecting power by unplugging one
detector may al so di sconnect power fromthe other detectors further fromthe
power source. Local fire authorities may require special precautions during
any extended testing period. Special equipnment which may be required for
cleaning consists of a |low pressure air source for blowing out dust and a
suction cup for chanber cover renoval.
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If the cleaning does not correct the false alarnms or failure to alarm
return the detector to the manufacturer for repair.

. Spot Type lonization Smoke Detector. Test at |east one detector
in each initiating circuit (zone) nonthly. Follow a rotation
schedul e so all spot type ionization detectors are tested
sem annual ly in accordance with the nanufacturer’s
instructions. Any detectors which produce false alarns between
sem annual tests or do not test satisfactorily should be checked
for sensitivity, following the manufacturer’s instructions and
using test equipnent avail able fromthe manufacturer or other
sources. An aerosol synthetic snmoke is available from sone
manuf acturers for testing their detectors.

Unsatisfactory tests or erratic operation may indicate a need to renove
accunul ated dust or dirt. The frequency of cleaning should be based on
results of regular tests and |ocal conditions. Cean, check, and test
operation and sensitivity following the manufacturer’s instructions. For
| oose dust deposits, blowthe area with low pressure air after renoving a
protective cover. For nore stubborn deposits, disassenble and clean using a
liquid recomrended by the manufacturer. Recheck sensitivity and adjust if
necessary after cleaning and thorough drying

Sonme snoke detectors of this type produce an electrical shock which may
not be severe enough to cause injury directly but could cause a fall froma
| adder.  Some manufacturers, because of such possible injury to personnel or
damage to the detectors, do not recommend servicing by anyone other than
factory trained personnel. The customer service departnment of nost
manuf acturers can give advice on the tel ephone for specific problems. Be
prepared to give the equipment nodel nunmber and other pertinent infornation.

. Beam Type Photoelectric Smoke Detector. Check each detector
sem annual ly. Usual |y sinulate snoke by hol di ng pieces of clear
filter material furnished with the detector, in front of the
| ens. For instance, one thickness should not cause an al arm
while three thicknesses should cause an alarm Check the
manuf acturer’s instructions to be sure this nethod is
appropri ate.

The beam type photoel ectric snmoke detector is probably nore rugged than
the other detectors discussed. The nost frequent problens are burned out
light sources and dirt or paint on lenses and filters which can cause false
alarms . These problens should be discovered during nonthly inspections and
corrected promptly. Clean the |enses senmiannually just before the regular
operating test. Disconnect power to prevent alarns during |ens cleaning, and
wi pe the sensor lens, any filters or mirrors used, and the projector |anp
surface with a soft damp cloth.

Check the Iight beamto be sure it is directly centered on the sensor unit
after cleaning. |f necessary, renove filters and align the projector |anp
using adjustment screws provided on the projector unit. If mrrors are used
the alignnent process is nore difficult, so be careful during cleaning not to
disturb their adjustment. Reassenble all renoved parts before testing

. Duct Type Snoke Detector. Duct type snoke detectors usually are
tested with sinulation type tests, using a key operated test
switch at the detector or at a rempte test/indicator |ocation,
if installed. Frequently, reset of a detector requires
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monentary renoval of power, either by using the key operated test switch
or a switch at a central control panel. In testing duct nmounted
detectors, the length of time to activate each detector will vary. A
typical response time is 10 seconds, but sone detectors may require 30
seconds or nore to activate.

Check the manufacturer’s instructions before doing any cleaning, checking,
operation or adjustment. Establish a routine cleaning schedul e, based on
| ocal dust, dirt and HVAC filter conditions. Start with annual cleaning of
the snoke chanber, sanpling tubes and holes and increase or decrease the
frequency, depending on performance results. A low pressure air hose shoul d
be adequate for nost cleaning.

Refer to earlier paragraphs on spot type photoelectric and ionization
snoke detectors for additional detail to apply to the respective duct type
smoke detectors.

3.6.3.7 Troubl eshooti ng.

. Phot oel ectric Smoke Detector. Photoelectric detectors are
usual ly arranged to give a trouble signal for light source
failure. Beam type snpke detectors with incandescent |ight
sources require nore frequent |ight source replacenent than
LEDs. Base personnel can replace lanmps, following the
manuf acturer’s instructions. Spot type detectors with LED |ight
sources should be returned to the nanufacturer for repair.

Fal se or continuous alarns usually indicate that cleaning is needed
Continued unsatisfactory results after cleaning indicate that factory repair
is necessary. Keep spare devices on hand for inmediate replacement. Return
failed units to the manufacturer pronptly.

. loni zation Snoke Detector. False, continuous or erratic alarms
or failure of ionization detectors to actuate after the factory
recommended routine inspection and cl eani ng have been perforned
indicate that factory repair or repair by a factory trained
technician is necessary. Schooling and test equipnent are
avai |l abl e from some manufacturers for training and assisting
installers and service personnel. Defective devices should be
returned to the factory.

3.6.4 Flane Actuated Detectors. Flame actuated detectors are optica
devices which “look at” the protected area. They generally react faster to a
fire than nonoptical devices. Because of their quick reaction, flanme actuated
detectors may be used where the anticipated fire is expected to devel op
quickly as is the case with fires involving flammable |iquids, explosions,
etc. Flame detectors are referred to as |ine-of-sight detectors since they
cannot detect fires which are around corners or otherw se obstructed from view

3.6.4.1 Infrared Flane Detectors. Infrared (IR} flame detectors
respond directly to the IR nodulated (flickering at 5 to 30 cycles per
second) radiation from flanes. To minimze responses to nonfire sources of
radi ation, the sensor design usually incorporates a delayed response
selectable in the range of 3 to 30 seconds. Thus, alarns are caused only by
sustained, flickering sources of IR radiation. Figure 3-20 shows two typica
IR flame detectors.
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The IR flane detector is ineffective for snoldering or incipient fires. It
is used where possible fires would devel op quickly (fuels such as conbustible
gases and liquids or |oose cotton fiber) and it is capable of protecting a
large area, if munted high on a ceiling or wall (30 to 50 feet).

The sensitivity of IR detectors to a fire is affected by the distance of
the device fromthe fire. For example, if the distance is doubled, the
required fire for detection nust be four tines as large. In order to maintain
imunity to possible nonfire sources of alarns, l|onger response delays (10 to
30 seconds) are usually selected for low ceiling (8 feet) nounting. Shorter
delays, in the range 3 to 10 seconds, are used when detectors are nmounted on
hi gher ceilings. For high hazard areas, the detector can be nounted on a | ow
ceiling and a low delay setting used to obtain sensitivity and fast response.
Shields to elimnate possible false alarmsources fromthe field of view of
the detector are sonetinmes used, especially in a high sensitivity application
of the device.

FI GURE 3-20
| NFRARED FLAME DETECTORS

Some detector nodels designed for fast response do not have the “flicker”
discrimnation feature, but instead have two sensors with different spectral
responses. Such detectors are referred to as “dual band” detectors. These
sensors are used to distinguish between an actual fire and other sources of IR
radi ation, such as heated objects and sunlight.

G owing enber detectors are nondiscrininating and fast acting. Ambient
light levels must be maintained bel ow 20 foot candles. Placenent and
shielding are inportant for this type to avoid false alarms due to
i ncandescent |anps and sunlight.
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3.6.4.2 Utraviolet Flane Detectors. The ultraviolet (W) flane
detector is extrenely fast and is used in high hazard applications, such as
aircraft maintenance areas, Nunitions production, and other areas where
fl ammabl e or explosive liquids or solids are handled or stored. The detector
responds to W radiation not visible to humans. Figure 3-21 shows sone
typical W detectors.
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FI GURE 3-21
ULTRAVI OLET FLAME DETECTORS

The detector and circuitry may be in a single housing or in separate
housings. They act together as a nornally open switch which becones
nmonentarily closed, causing an alarm Wwhen U radiation enters the detector
viewing window. Response time is typically less than 25 nsec for an intense
W source. Some nodels have a built-in short time delay (3 seconds, nominal)
to mnimze responses to lightning and other rmonmentary events.

Frequently, separate relay contacts are provided for immediate and del ayed
alarm outputs, adjustable up to 30 seconds. A visual indicator, visible
through the view ng wi ndow, usually indicates detector actuation.

3-57



A test feature designed into sone detectors allows for checking the
optical integrity of the device. A small WV source inside the detector

housing is shielded from directly illumnnating the sensor. Local or renote
operation of a test switch deactivates alarmcircuits and illumi nates the test
lanp. Its rays pass out through the view ng window, strike a mrrored surface

at the edge of the opening, and return through the front w ndow to the
sensor. Detector response to the test indicates that the windowis clean and
that the sensor and electronic circuits are operational

The WV detector is capable of use in explosive atnospheres and sonme nodel s
have swi vel mounts for directing them at specific hazards. Various nodels
have angular fields of view ranging from 90 to 180 degrees. Sensitivity is
usually factory set for the application.

3.6.4.3-Conbination Utraviolet-Infrared Flane Detectors. A
conbination ultraviolet infrared (UM IR) detector is able to discrimnate
agai nst non-fire related sources of radiation such as welding, |ightning and
heated objects. The detector discrimnates by sensing very specific
wavel engths in both the UV and the IR range and el ectronically processing the
signals fromthe sensors. The detector uses two separate sensors and sensing
circuits. The two sensing circuits operate independently, each giving an
output of conditioned pulses, the frequency of which is proportional to the
intensity of the radiation sensed. The two outputs are conpared and if the
ratio falls within the specified fire signature limts, a single fire event is
declared and entered into the Fire Event Register. Repeated conparison
continues until the present number of fire events have occurred, at which time
a fire is declared and reported. |If the specified fire signature ratio of
W/IR is not net, a separate non-fire related W or IR event is reported
virtually elimnating unacceptable false fire reports from other sources

3.6.4.4 Testing and Maintenance. Flane actuated detectors should be
i nspected nonthly for physical damage, accunul ation of deposits and paint on
the lens. A spot of paint on a lens can block the detector’'s view of a
critical area of the protected space. Renpbve or protect the detectors when
pai nting.

. Infrared Detectors. In Figure 3-20, the dark spot or done at
the bottom center of each infrared device is the lens. Detector
| enses must be kept clean to insure the earliest possible
detection of a fire. Test at |east one detector in each
initiating circuit (zone) monthly. Follow a rotation schedul e
so that all detectors are tested sem annually.

A small soldering iron, held 6 inches in front of a glow ng enber type
detector, can serve as a heat source for testing. A 250-watt infrared heat
| anp several feet fromthe detector can serve as a flanme substitute in testing
an infrared flanme detector. Be sure that auxiliary functions of the flame
detection system are deactivated before testing unless these features are
intentionally being tested. Informthe fire department and persons who woul d
hear the alarm

Fal se alarns or failure to detect during a test may be from environnmenta
factors or aimng of the detector. During the nonthly inspection, check that
detectors are not blocked and that |enses are shielded fromdirect rays of the
sun and other normally occurring infrared sources
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If a detector has a clean lens but fails an operating test, nake
adjustnents and/or other field maintenance, following the mnufacturer’s
instructions. Qbtain field service by a factory trained technician or return
the equiprment to the manufacturer for repair.

. Utraviolet Detectors. Keep Wdetector |enses totally clean.
A gradual buil dup of contami nants frequently found in high
hazard spaces (oil, gasoline, petrochemcals, salt, and dust)
bl ocks W radiation. A layer thin enough to be undetectable to
the human eye can cause a WV detector to be conpletely blind.
Cean lenses according to the manufacturer’s instructions. Test
nodel s of UV detectors with the built-in optical integrity test
feature during the nonthly inspection. Clean and retest
detectors which fail the test.

False alarms and failure during a test may be related to environmental
factors or aiming of the detector. During the nonthly inspection, check that
detectors are aimed to protect the intended areas, that detectors are not
bl ocked, and that I enses are shielded fromdirect rays of the sun and other
normal |y occurring W sources, such as welding equipment.

Monthly perform an operational test on at |east one detector in each
initiating circuit (zone). Follow a rotation schedule so all detectors are
tested sem annually. UV sources for test purposes are available fromsome W
detector manufacturers. Be sure that auxiliary functions of the detection
system are deactivated before testing unless these features are to be tested.
Notify the fire department and persons who would hear the signals.

If a detector has a clean lens but fails an operational test, make
adjustnents and/or other field maintenance, following the mnufacturer’s
instructions. Qbtain field service by a factory trained technician or return
defective equipnent to the manufacturer for repair.

. Conbi nation UV/IR Detectors. Mintenance requirenents for
conbination UV/ IR detectors are the sane as those for W
detectors and IR detectors.

3.6.4.5 Troubl eshooti ng. Erratic alarms and failure to detect flames
or simulated flames during tests are the nost frequent problens of flane
detectors. A failure to detect is usually caused by an accunulation of oil,
paint, or dust deposits on a lens or by an object blocking the detector’'s view
of the flane. Clean the lens as soon as possible when a probl emoccurs and
aimthe detector so it has an unobstructed view of the area. H gh speed
detectors, intended for use in low anbient light conditions, may become
desensitized from overexposure to anbient light. Follow the nmanufacturer’s
reconmendations in controlling ambient conditions.

Spurious or erratic alarms are caused by direct or indirect sources of
infrared or ultraviolet rays which appear as a flame to the detector. Ember
detecting infrared detectors may respond to incandescent |anps or to sunlight
striking an object. Sunlight reflections from |akes, puddles, w ndows,
venetian blinds, nachinery, and passing cars and trains are exanples of some
reflective sources which may flicker Iike a flame and cause infrared alarm
signals. Some direct light sources which nmay cause spurious infrared alarns
are flickering neon signs or lanps and headlights on moving vehicles. These
light sources should be shielded from the view of infrared detectors. The
mai n sources of spurious alarnms for ultraviolet detectors are welding and
cutting operations within view of the detectors.
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3.6.5 Sprinkler Waterflow Actuated Detectors. Sprinkler waterflow
detectors are generally pressure actuated or vane actuated. Pressure switches
are used on both wet and dry pipe sprinkler systens. Vane switches are widely
used on wet pipe sprinkler systems. They cannot be used on dry pipe systens
because the nechanical shock of the initial rush of water into the pipe could
damage the vane and nechani sm

Dry pipe systemalarnms tend to be slow acting because it takes tine to
| ose sufficient air through a fused sprinkler to trip the system Various
methods are used to speed up dry pipe systems. Wet pipe system alarns have a
different problem  Fluctuating water pressure frequently causes flowinto a
sprinkler system equalizing the sprinkler systempressure with the supply
pressure. Such surges of water or of pressure cause spurious waterflow al arns
if some method of slowing down the switch response to the surge is not used.
Various retarding techniques are used, some associated with the waterflow
detector and some with the sprinkler piping.

3.6.5.1 Pressure Increase Type Waterfl ow
Detector. Nunerous styles of this type of waterflow
pressure switch are found in wet and dry pipe systens.
(Figure 3-22 shows one style.) The usual arrangenent for
switch actuation includes a seal ed accordion-1ike bell ows
which is assenbled to a spring and |inkage. The spring
conpression or tension controls the pressure setting of
the switch and may be adjustable and/or factory set to ‘
the desired pressure. As water or air pressure in the “),
bel lows increases, it expands, providing notion against a ¥ 4

desired notion to actuate the electrical swtch. [f the ‘;,—-— \* 1

spring. The linkage converts the bellows notion into the
pressure switch is used on a wet pipe system it is *‘ 2
usual l'y nounted at the top of a retarding chanber, which %
reduces the speed of pressure buildup at the swtch. : S
There are al so waterfl ow pressure increase detectors FI GURE 3-22
whi ch incorporate a pneumatic retardi ng mechani smw thin PRESSURE | NCREASE TYPE
the detector housing. The retard tine is adjustable to WATERFLON DETECTOR

a maxi mum of 90 seconds with usual settings in the range

20 to 70 seconds. The retarded switch would be connected to the alarmport of
a wet sprinkler system alarm check valve. The usual pressure settings for
these switches are in the range of 8 to 15 psi.

3.6.5.2 Pressure Drop Type Vaterflow Detector. Pressure drop type
detectors can be used in wet pipe sprinkler systens equipped with a check
val ve (al arm check or sw ng check) which holds excess pressure on the system
side of the check valve. These detectors are nost frequently used where a
wat er surge or hammer causes false alarms with other types of waterflow
detectors.

The construction of pressure drop detectors is simlar to that for
pressure increase detectors. The switch for a pressure drop detector is
arranged to actuate on a drop in pressure and there is no retardi ng mechani sm
or chanmber. A typical switch of this type would be adjusted for sonme nornmal
operating pressure in the range 50 to 130 psi. The alarm pressure would be
adjustable to 10 to 20 psi bel ow the normal pressure.
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3.6.5.3 Vane Type Waterflow Detector. A vane type waterfl ow
detector, wused only in wet pipe sprinkler systems, is shown in Figure 3-23
The vane, a flexible, alnost flat disc, is nade of corrosion-resistant
material. The detector is assenbled to the pipe by drilling a hole in the
wal | of the sprinkler pipe. The vane is rolled-up to forma tube and inserted
into the pipe through the hole. Once inside the pipe, the vane springs open,
al nost covering the inside cross section of the pipe. The whole detector
assenbly is clanped to the pipe with one or two U-bolts. Gaskets and other
seal ing devices prevent |eakage of water out of the riser pipe and into the
detector housing. Qperation of a sprinkler causes water to flowin the
system nmoving the vane. A nechanical |inkage connects the vane to an
adjustable retarding device in the detector.

FI GURE 3-23
VANE TYPE WATERFLOW DETECTOR

The retarding device, which is usually a pneunatic dashpot, actuates the
alarmswitch or switches and/or signal transmitter, if the vane is stil
deflected at the end of the adjustable delay period. The retarding device
prevents spurious alarnms by delaying the mechanical actuation of the alarm
switch(es) and/or transmitter to allow the vane and retardi ng nechanismto
return to their normal positions after nomentary water surges. The retarding
device setting is usually in the range of 30 to 45 seconds, though the maxi mum
setting may be as high as 90 seconds.
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3.6.5.4 Pressure Punp/Pressure Drop Type Waterflow Detector. The
pressure punp type waterflow detector is usually used in |arge sprinkler
systenms and those with inadequate water pressure to reliably operate one of
the other types of waterflow detectors. Figure 3-24 shows a fixed pressure
waterflow detector, with punp (another nanme for the sane device). This type
of detector has a punp, punp motor, and control unit as an integral unit,
arranged for strap nounting to the sprinkler systemriser. The device
provides a waterflow alarm signal, a |ow system water pressure supervisory
signal, and excess pressure in the system to prevent surges in the supply
pressure from opening the alarm check valve and causing operation of the water

motor gong or other alarm indicator.
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FI GURE 3-24

FI XED PRESSURE WATERFLOW DETECTOR W TH PUWP

A typical installed detector of this type is adjusted to naintain the
system pressure at 25 to 50 psi above the supply pressure. A slow |leak at the
al arm check valve or anywhere in the system wll cause the system pressure to
drop slowy. Wen the pressure decreases to 2 psi below the preset value, a
pressure switch closes, causing the punp to start punping water from the
supply side to the system side of the alarm check valve at a rate of about 1
gallon per minute. Note that this is too lowa rate to maintain pressure if a
sprinkler opens or to deliver a significant amount of water to a fire. |If the
total of system |eaks anmount to less than 1 gallon per nminute, the pressure
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switch opens and the punp stops when the preset pressure is reached. If the
leak is greater than 1 gallon per ninute, the system pressure continues to
drop, even with the punp running. |If the system pressure decreases to 4 psi
bel ow the preset value, a trouble pressure switch, which is closed at the
normal pressure, opens to indicate that there is a system leak greater than 1
gallon per mnute. This is a maintenance condition requiring repair. A
trouble contact is also operated if the punp is switched off with the
key-operated control switch. If the system water pressure continues to
decrease to 6 psi below the preset value, an alarm pressure switch (open at
the normally naintained pressure) closes, signaling a waterflow alarm  Sone
fixed pressure waterflow detectors of this type have an additional punp
protection pressure switch which disconnects punp power when the supply
pressure drops below about 14 psi. This additional switch prevents running
the punp dry if the water supply is shut off or there is a break in the supply

pi pe.

3.6.5.5 Electronic Pressure
Drop VWaterflow Detector. The
el ectronic pressure drop detector is
often used in sprinkler systems which
nust maintain a high excess system
pressure over supply pressure
(resulting from fluctuations in supply
pressure or use of an excess pressure
punp) that woul d del ay actuation of a
vane type waterflow detector. It is
nornmal |y mounted to the riser pipe
with a flexible, rugged hose
connection to the system side of the
check valve for pressure sensing
Figure 3-25 shows a detector of this
type with its cover open. The device
requires a pressure drop of 0.3 to 1.3
psi continuing over a period of at
| east 3 seconds to signal an alarm A
pressure drop at a slower rate or of
shorter duration causes no alarm A
slow pressure drop to 15 psi or |less
causes a trouble signal indicating
that there is a systemleak and |ow
supply pressure. Pressure increases

do not cause an alarm but an overpressure FI GURE 3-25
condition (200 psi) causes a trouble signal. ELECTRONI C PRESSURE DROP
Trouble signals are also caused by opening WATERFLOW DETECTOR

the detector’s netal cover, supply voltage
outside the normal range, and an internal
circuit failure that would interfere with
proper functi oning.

3.6.5.6 Testing and Mintenance. Waterflow actuated detectors shoul d
be inspected hi-nmonthly for physical damage and for paint on information
plates and |abels. Replace or repair damaged devices immediately. Cean or
replace painted plates and labels. Correct other deficiencies pronptly
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During the inspection, note any new additional waterflow alarns. Test
some sprinkler system waterflow detectors each nonth. Follow a rotation
schedul e so that a group of buildings in a large installation is tested each
nmonth and a conplete cycle of tests of all waterflow detectors for all
buildings is conmpleted quarterly. Wen detectors are connected to a base
alarm system tests should include checking for clearly identifiable signals
received at the alarm headquarters.

« Wet Pipe Sprinkler System Waterflow Detectors. Test wet pipe
sprinkler systemwaterflow devices by causing a flow of water equal
to that fromone sprinkler by opening the inspector’s test valve
fully . This valve is usually near the end of the sprinkler system on
the opposite side of the building fromthe systemriser. For
sectional waterflow detectors, the inspector’s test valve is usually
on the opposite side of the section of the building fromthe riser.
The inspector’s test valve is left open to allow full flow until an
alarmis indicated at the local control unit or, if connected to the
base alarm system wuntil a clear alarmis received at the alarm
headquarters. One person with radio or tel ephone comunications at
the test valve and one person at each alarmreceiving location are
usual ly needed for testing.

The del ay between the start of full flow and receipt of the alarm signal
should be between 15 to 90 seconds for retarded signals. Detectors which
sense a pressure drop should respond in less than 15 seconds. [f the alarm
has not been received after water has been flowing for 3 nminutes, stop the
test and deternine the cause of the problem (see Section 3.6.5.7,

“Troubl eshooting” ). The test is sonetimes continued |longer as a
troubl eshooting method, but not as a matter of routine testing.

«Dry Pipe Sprinkler System Waterflow Detectors. Dry pipe sprinkler
systens have an alarmtest valve at the sprinkler riser in the trim
pi pi ng which allows water fromthe supply side of the dry pipe valve
to exert supply pressure on the pressure increase type waterflow
detector. The alarmtest valve is frequently a small |ever type
valve, but may be a globe valve. It should be pernmanently tagged as
the “alarm test valve” to expedite future testing.

The regular trip test (Chapter 5) of a dry pipe sprinkler systemto check
the operating condition of the sprinkler systemcan also be used to test the
waterflow detector and alarm system if the tests are coordinated. However, it
is not practical to trip test the dry pipe valve for every alarm system test.
Do not open the inspector’s test valve at the end of a dry pipe sprinkler
system for an alarm system test unless a trip test is desired.

3.6.5.7 Troubl eshooting. The nost frequent problem associated with
wat erfl ow detectors is a failure to receive an alarmsignal within the
allotted tine. One nethod for troubl eshooting is nanual actuation of the
wat erfl ow detector to sinmulate the action produced by an actual waterflow
For detectors with a signal retarding device, this initiates the timng
sequence. If the alarmsignal is still not received within a reasonable tine
(less than 90 seconds), and the mechanical action of the retarding device and
switch or transmtter is normal, the problemis a circuit problem (See
troubl eshooting for circuit problems.) If the signal is properly received
with manual actuation of the detector, the original problemnay be associated
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with the nounting of the detector (misalignnent causing vane rubbing on the
inside of the pipe) or with a defective sensing el enent in the detector

(defective bellows in a pressure switch). Correcting misalignnent may require
draining the system renoving the waterflow vane switch, and redrilling the
hole on an axis perpendicular to the pipe axis. If a pressure switch bellows

is defective, usually the conplete pressure switch nust be replaced.

Def ective retardi ng nechani sns usual ly can be replaced as a unit. Synptons
of defective retarding mechanisnms are: failure of retard time to change
smoothly with changing adjustnent, failure of retarding mechanismto cause any
del ay, and failure of the nechanismto cause or allow switch or transnitter
actuation. If these synptons occur, the retarding mechani smshould be
replaced and the defective unit returned for repair.

I ndividual alarmswitches in waterflow detectors can usually be renpved
and replaced. Investigate a trouble indication on a waterflow detector zone
as a detector related problem before troubleshooting the initiating circuit.
Frequently, renoving the detector cover operates a trouble indicating swtch.
El ectronic waterflow detectors al so cause trouble indications for other
abnormal conditions, such as pressure or supply voltage outside their nornal
ranges.

3.7 SUPERVI SORY ALARM | NI TIATING DEVICES. Supervisory alarminitiating
devi ces cause a signal at the supervisory control unit and/or renmpte receiver
when an abnornmal fire protection system condition occurs.

3.7.1 Valve Position Supervisory Devices. In general, supervised valves
are never closed unless a sprinkler systemor section of it requires
mai nt enance.  These val ves control the main flow of water to a system or
section of a system Valves which control waterflowto a waterflow detector
or valves in a sprinkler header roomor fire punmp roomwhich are nornally
closed may also be supervised. Supervisory devices for normally open val ves
cause a supervisory signal when the valve is closed no nore than two turns or
20% of its total travel. Supervisory devices for nornmally closed val ves cause
a supervisory signal when the valve is opened no nore than two turns or 20% of
its total travel.

3.7.1.1 Qutside Screw and Yoke (OS&Y) Valve Position Indicator. OS&Y
valves are frequently supervised. Figures 2-13 and 2-14 show two typical OS&Y
val ve supervisory devices. Figure 3-26 depicts a typical OS&Y valve with
supervisory switch in place. The switch and its housing are firmy attached
to the valve yoke. The spring | oaded switch operating |lever or plunger rests
in a smothly tapered notch in the valve stem Wen the valve is operated,
the stem noves toward the pipe (closing) or away fromthe pipe (opening). As
the stem noves, the switch lever or plunger noves up the incline at the edge
of the notch and the switch is actuated before the lever or plunger is out of
the notch. Switch actuation causes a supervisory signal at the control unit
and/ or remote receiver.

3.7.1.2 Post Indicator Valve (PIV) Position Indicator. Figure 3-27
shows a PIV position indicating switch mounted on the PIV. A PIVis usually
| ocated outside the building and a | ength of underground conduit and cable
connects the switch with the building supervisory system
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A wal | -mounted PI'V has the valve handl e and indicator swtch extending
outside the building with the valve itself inside the building. Like the OS&Y
position indicator switch, the PIV position indicator switch is a lever
operated switch. (Figure 2-17 shows an unnounted switch.)

The PIV spring | oaded | ever rests against the side of the open/shut
indicator, called a target. As the valve is operated--using a special handle
or wrench on the square operating nut at the end of the indicator post--the
target noves. The switch lever follows that novement. The switch is adjusted
to cause a supervisory signal before the operating nut has rotated two turns
from the normal position or 20% of its full travel

3.7.1.3 Butterfly Valve Position Indicator. A butterfly valve is
sometimes used to control the supply of water to sprinkler systems. Figures
2-18 and 2-19 illustrate some frequently used types and nethods of mounting
position indicating switches on butterfly valves. The distinguishing feature
of a butterfly valve that affects its supervision is that its noving parts are
concealed in a housing. The supervisory device usually has a |lever or plunger
extending through an opening in the housing to sense valve operation.

3-66



3.7.1.4 Nonrising Stem Valve Position Indicator. Nonrising stem gate
val ves are installed underground and controlled fromthe surface by a wench
or key. If it is included in a supervisory signaling system it normally
requires an underground | ength of conduit and cabl e connecting the buil ding
system with the underground valve switch outside the building. The housing of
the device is made of a noncorroding material such as brass. The switch
itself (Figure 2-20) is a magnetically operated sealed reed switch. \hen the
valve is in its normal position, a magnet is adjacent to the reed switch. As
the valve is operated, the magnet noves away from the reed switch. \hen the
valve wench or key has rotated two full turns, the magnet is far enough away
fromthe reed switch to actuate it. Switch actuation causes a supervisory
signal at the control unit and/or renote receiver.

3.7.1.5 Testing and Maintenance of Valve Position Supervisory Devices
For efficiency, valve position supervisory devices are nornally tested when
other devices in the same location are being tested. They should be tested
annual ly. Test the valve by turning its handle two turns or 20% of its range
fromits normal position. Check local indicating device operation and renote
signals while the valve is in this position. If all signals are normal
restore the valve to its normal position, turn off |ocal signals, and check
for restoration of remote signals. Obtain telephone or radio conmmunications
with the renote receiving |location before starting tests which include renote
signal i ng

3.7.1.6 Troubl eshooting. The usual defect discovered during testing
is a failure of local and renote signals to operate when the valve handle is
turned two turns. \Wen this occurs, operate the valve handle slowy beyond
the two turns. If switch operating parts are visible, check them during valve
operation. Look for |oose mounting bolts, inproper switch adjustment, or
i nmproper installation.
Val ve position indicating switches actuated by a groove cut in a valve

stem are frequently damaged by inproperly cut grooves. If the groove is not
gradual or tapered enough, the valve stem novenent may bend the |ever or
plunger of the switch. In sone cases the damaged part can be repaired, but

generally the nost reliable repair is replacenent of the conplete device and
reworking the stem groove. Undanmged parts of the removed device can be used
as spare parts.

If adjustment and the groove in the valve stem are normal, |ook for broken
wires and inproper connections at the valve position switch terminals. Al ways
restore the valve to its normal position after testing or repair and check
with the renmote receiving location to confirm that signals indicate conditions
are nor mal

3.7.2 Water Level Supervisory Devices. The water level in sprinkler
system reservoirs nust be maintained within certain linmts and there are
usual ly automatic controls for maintaining the desired water level. Water
| evel supervisory devices cause a supervisory signal when the water level is
not maintai ned between the desired high and low limts.

3.7.2.1 Float-Actuated Level Indicator. A float-actuated |evel

indicator is illustrated in Figures 2-21 and 3-28. The device is nmounted
outside on the rigid wall of a tank and a float and |ever arm extend into the
tank through a hole in the tank wall A gasket seals the edges of the hole to

the device. The float is held up by the water in the tank and the |ever arm
follows the up or down nmotion of the float as the water |evel changes. The
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lever armis pivoted at the wall of the tank. The end of the |ever away from
the float is arranged to operate one or tw switches (one for high and one for
| ow | evel s) when the float noves outside of normal linmts. Some
float-actuated devices use a chain connection to operate the switch rather

than a | ever.
FLOAT A1
- WALL OF TANK

HIGH WATER LEVEL—F—
12 n \\

NORMAL LEVEL

1 n 4;7
LOW WATER LEVEL—*———‘

12n

R

*———HIGH-LOW WATER LEVEL
SUPERVISORY DEVICE

—"FLEXIBLE WATERPROOF
CONDUIT (TYPICAL)

—WATER TEMPERATURE
SUPERVISORY DEVICE

WEATHERPROOF
JUNCTION BOX

4 DOWN TO JUNCTION BOX
AT BASE OF TANK

SECTION THROUGH TANK

FI GURE 3-28
| NSTALLATI ON CF WATER LEVEL AND WATER TEMPERATURE SUPERVI SCRY DEVI CES

3.7.2.2 Pressure-Actuated Level Indicator. The pressure-actuated
| evel indicator switch is physically very simlar to the bell ows-operated
pressure switches used for waterflow detection shown in Figure 3-22. As the
water |evel changes in a reservoir, the water pressure at the |leve
supervisory switch also changes. The switch can be adjusted to actuate when
pressure indicates a low water level or high water level. The switches my be
two separate devices with different pressure settings or a single device which
causes a signal for pressures outside of the normal range. The device is
usual ly connected to piping near the bottom of the reservoir.
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3.7.2.3 Electronic Level Indicators. El ectronic level indicators

usual Iy read the conductivity of water to cause an electrical signal. One
arrangenent uses long parallel electrodes which become inmrersed in the water
if it rises above a desired level. Wen the electrodes are in the water,

current flow through the water, between the electrodes, is sensed by the
associated electronic circuitry. This type of device is nost frequently used
to signal high water |level and seldomused for fire protection water

reservoirs.

3.7.2.4 Testing and Mintenance of Water Level Supervisory Devices
Water |evel supervision devices are sealed with gaskets and switch contacts

are usually made of precious netal. They seldom need repair or replacement
Term nal connections and nechani cal |inkages should be inspected annually and
cleaned or tightened as necessary. Testing of water |evel supervision devices
should be performed sem -annual ly. When inspecting, sinmulate a supervisory

signal fromthe device. Manual operation of float |evers or switches confirns
integrity of signaling circuits and critical working parts. Short circuiting
device terminals with a screwdriver in a normally open circuit or opening a
normal ly closed circuit confirms circuit integrity.

If the device to be inspected is located on an el evated tank, follow
proper safety procedures during inspection. |If a water |evel supervisory
device fails, replace only the defective part if possible. Mounting an entire
device may involve draining the reservoir. \en opening a seal ed housing, be
careful not to lose screws or other small specialized parts and not to damage
gaskets. On reassenbly, tighten cover screws firmy but do not overtighten
causi ng gasket damage or making future inspection difficult.

3.7.2.5 Troubleshooting. To troubleshoot water |evel supervisory
devices, purposely cause an abnornal water |evel and note the performance of
the water level detector. If a float |ever does not nove w th changi ng water
| evel, operate the lever manually. If the lever operates snoothly, the float
may be |leaky and full of water and it should be replaced. |If the lever does
not operate snoothly, clean the linkage and service it according to the
manufacturer’s recomendations. |f float and |inkage operation appears to be
normal, and switch actuation sinulation (by short circuiting switch termnals
inanornally open circuit or by disconnecting a wire in a normally closed
circuit) causes a supervisory signal, the switch is defective and shoul d be
repl aced

3.7.3 Electric Fire Punp Supervisory Devices. Electric fire punp
supervisory devices detect two abnormal electric fire punp conditions
el ectric power off and pump running. The power nust be on for the punp to be
ready for use. If the punp is running, the abnormal condition signa
i ndicates that the sprinkler systemis operating and requires nore water than
can adequately be supplied by other sources. (See Chapters 4 and 5 for nore
information on fire punps.)

3.7.3.1 Punp Power Failure Indicator. The punp power failure
indicator is an AC relay that is energized when punp power is available. \Wen
power fails, the relay deenergizes, causing a supervisory signal. For this
feature, the power to energize the relay cones froma point ahead of the punp
controller switch that energizes the punp. \Wen punp power fails, the
nornmal |y energized relay deenergizes, causing a supervisory signal at the
supervisory control panel which has its own power supply.
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3.7.3.2 Punp Running Indicator. The pump running signal may be
initiated by a set of contacts designed into the punp controller for that
purpose or by an added relay. The relay is energized by the same power that
runs the punp, so that when power is switched on by the controller to run the
pump, the normally deenergized relay is energized causing a supervisory
signal .

3.7.4 Engine-Driven Fire Punp Supervisory Devices. Engine-driven punps
are supervised for punp power failure and punp running as well as several
ot her abnormal conditions not supervised for electric punps.

3.7.4.1 Punp Power Failure Indicator. Even though the pump is engine
driven, it requires electrical power to start the engine. This power is
normal |y supplied by a rechargeabl e battery charged by an AC- powered battery
charger. The readiness of the battery to start the engine depends on a
constant supply of AC power. The power is supervised in the same way as for
an electric fire punp.

3.7.4.2 Punp Running Indicator. The punp running indication for an
engi ne-driven punp is usually provided by contacts in the punp controller.
Sensing of punmp running is acconplished by a centrifugal switch at the
engine. Actuation of that switch causes relay action at the controller.
Contacts of that relay are used for supervisory signaling.

3.7.4.3 Engine Malfunction Indicator. A fire punp engine controller
nornal |y has separate supervisory signal initiating contacts for severa
conditions which are synptonms of engine malfunction. These conditions may be
individual |y supervised or their associated contacts may be connected to
provide a single engine malfunction supervisory signal. Conditions indicated
include: failure of the engine to start, low oil pressure, high water
tenperature, overspeed, and others. Al these supervisory signals are
initiated by individual relay actuation in the engine controller. Actuation
of each controller relay is caused by a sensor and associated electronic
circuitry at the engine. The sensors, electronic circuitry and relays in the
controller are parts of nodern, engine equipnment whether or not there is a
supervi sory signaling system

In newer equipment, a failure to start condition is sensed by electronic

counting of cranking cycles. In older equipnent it is sensed by the rise in
tenperature of a starter current sensor. Low oil pressure is sensed by a
bel | ows type pressure switch. Hgh water tenperature of cooling water is
sensed with a thernobstat. Overspeed (indicating engine governor failure) is
sensed with a centrifugal switch which may be the same switch used for a punp
running indication. The sensing of a malfunction condition causes a
supervisory signal and shutdown of the engine to avoid engine damage

3.7.4.4 Hand-Of-Automatic (HOA) Switch Position Indicator. The punp
engi ne controller provides several nodes of control selected by a
mul ti-position switch on the controller panel. In the “off” position of the
switch the engine will not run. In the “hand,” “nmanual,” “on,” or “test” (the
| abel varies with different manufacturers) position of the switch, the engine
starter is activated and the engine starts, if other conditions are nornal
Wien the HOA switch is in the automatic or normal position, the punp starts
automatically on pressure demand and may be arranged to shut off automatically
at the end of a tined period (usually about 6 minutes) if water demand
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conditions no longer require the punp to run. However, some punps are
arranged for automatic starting, but only nmanual shut off. If the HOA switch
is in any position other than automatic (normal), it causes relay actuation in
the controller which causes a supervisory signal.

3.7.4.5 Fuel Level Indicator. A float-actuated switch in the fuel
tank causes a supervisory signal when al nost enpty.

3.7.4.6 Testing and Mintenance of Fire Punp Supervisory Devices.
Fire pump supervisory devices that can be tested without risk of engine damage
should be tested annually. To test, cause an abnormal condition, if
practical, and note the signals received at the building supervisory control
panel and at the renote signal receiving |ocation.

. Punp Power Failure Indicator. For both electric and
engine-driven fire punps, test by operating the disconnect
switch supplying power to the punp or engine. This should not
be confused with any separate di sconnect switch supplying power
to a smaller jockey pump. Turn the disconnect switch to the
“off” position, note the proper receipt of signals, restore the
switch to the “on” position, and note the restoration of signals
to their normal condition.

. Punp Running Indicator. Actuate the punp running supervisory
device by running the electric or motor-driven fire punp. The
punp may be manually switched on or the water pressure at the
punp controller can be reduced to the “punp on” pressure by
releasing water at the test cock, usually provided at the
controller. Reclose the test cock after the pump starts.
Confirmthe proper receipt of signals, wait for the punp run
timng period to expire, usually 5to 7 minutes, and confirm
restoration of signals to their nornmal condition when the punp
stops . To stop the punp, if a punp timer is not installed, turn
the HOA switch to the “off” position and then to the automatic”
position.

If both HOA switch supervision and punp running supervision are provided
on the same initiating circuit, conduct the punp running test by bleeding off
water pressure at the controller test cock, not by operating the HOA switch.

[f punp running supervision is tested by switching the HOA switch to the
“hand,” “on,” or “test” position, it may not be possible to determne if the
signal was initiated by the punp running or by the HOA switch position
supervisory device. Oherwise, the HOA switch supervisory signal and the punp
running signal on the sane circuit cannot be distinguished.

. Engi ne Malfunction Indicator. The engine malfunction conditions
of low oil pressure, high water tenperature, and overspeed nust
be sinulated. Actually causing the condition would risk engine
damage. To simulate malfunction conditions, short circuit or
junp the individual sensing switches, one at a time. See the
engi ne controller manufacturer’s installation and operation
manual for the proper termnals to junp for sinulation. There
is usually a delay provided for actuation of the low oil
pressure signaling relay so that nmomentary drops in pressure do
not cause a supervisory signal. Wien sinulating |ow oil
pressure, maintain the junper connection for 20 seconds or nore.
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The failure to start condition is usually sinulated by disconnecting the
wire that controls the fuel solenoid and operating the HOA switch to the
“hand,” “manual ,” or “test” position. This causes the starter to crank the
engine, but the engine will not start due to a lack of fuel. After
approxi mately six cranking cycles the “failure to start” signal should be
initiated. If HOA switch position is supervised on the sane circuit with
engine failure to start, cause engine cranking by bleeding off water pressure
at the controller test cock.

. Hand- Of f - Autonatic (HOA) Switch Position Indicator. Operation
of the HOA switch to the “off” position should cause a
supervisory signal indicating that the switch is in a position
other than “automatic” or “nornal.” Operation of the switch to
the “hand,” “manual,” or “test” position should also cause this
same supervisory signal, but HOA switch supervision may be
connected to the sane circuit (zone) as the punp running

signal. Operating the HOA switch to the “hand,” “manual,” or
“test” position causes the engine to run and causes a punp
running signal. The HOA switch supervisory signal and the punp

running signal on the sane circuit would not be distinguishable.

. Fuel Level Indicator. Simulate a |ow fuel condition by junping
the float switch termnals. Consult the engine controller
manufacturer’s manuals to see which termnals to junp.

3.7.4.7 Troubleshooting. Consult the engine controller
manufacturer’s manuals for recommendations in troubl eshooting the built-in
sensors and relays. Service added-on relays for supervising punp power
failure and electric punp running according to the earlier section on relays
in this chapter. Usually, troubleshooting will involve locating the relay
associated with the particular signal that failed, renmoving that relay and
adjusting, repairing or replacing it.

3.7.5 Tenperature Supervisory Devices. Tenperature supervisory devices
are used to avoid freezing water for fire protection systems.

3.7.5.1 Low Air Tenperature Indicator. Wt pipe sprinkler systens
are used only in heated buil dings because sprinkler pipes otherw se would
freeze in cold weather. A low air tenperature device may be | ocated in each
cold area of a building where the earliest freezing of pipes is expected if
heating fails. The usual tenperature settings used are 40° and 45°F. In a
shi ppi ng dock area, which often may have doors open, usually the |ower (40°F)
setting is used. The 45°F setting is for spaces which are normally kept at a
hi gher tenperature. The devices may be adjustable thernostats or they may be
sealed factory-set thernmpbstats. Figure 2-15 is a photograph of an adjustable
device frequently used

3.7.5.2 Low Water Tenperature Indicator. Low water tenperature
devices are usually installed in outdoor water reservoirs. They are usually
sealed factory-set thernostats. They nmay al so have a high tenmperature setting
in the sane device. The nost frequent |ow tenperature setting is 40°F. The
high tenperature setting, if provided, is usually 140°F. Figure 3-28 shows a
tenperature sensing device as installed through the wall of a reservoir.
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3.7.5.3 Testing and Mintenance of Tenperature Supervisory Devices.
Tenperature supervisory devices should be tested seni-annually. Both the
seal ed and adjustable |ow air tenperature devices may be tested by spraying
with an aerosol coolant spray often used for testing of electronic parts and
circuits. The adjustable devices may be tested by an alternate method if the
adj ust ment range of the thernostat includes the roomtenperature existing at
the time of the test. The original setting is first noted, and the adjustnent
is changed toward the existing room tenperature. A |low tenperature
supervi sory signal should result when the adjustment passes the existing room
tenperature. Confirmthe proper receipt of signals and restore the thernostat
adjustment to its original setting.

It is usually inpractical to performa conplete test of a | ow water
tenperature supervisory device because the device is subnerged and the sensing
element is inaccessible. [|f the sensing elenment can be removed fromthe
housing, it can be tested with coolant spray as described for the low air
temperature device. Oherwise, test the circuit up to the device termnals by
short circuiting the termnals for a normally open device or renbving a wire
froma termnal for a normally closed device. This sinulates a tenperature
supervisory signal. At test tinme, the terminals should be inspected and
cleaned of any corrosion. Check tightness of terninal screws.

3.7.5.4 Troubl eshooting. Tenperature devices which do not respond to
the test should be replaced and the defective device returned to the
manuf acturer for repair.

3.7.6 Ar Pressure Supervisory Devices. Air pressure supervisory devices
are bellows actuated pressure switches as described in Section 3.6.5.1.
Usual ly the air pressure supervisory devices are adjusted to actuate at | ower
pressures than the water pressure sensors.

3.7.6.1 Dry Pipe Sprinkler Air Pressure Indicator. Both high and | ow

air pressures are usually supervised for a dry pipe sprinkler system (One
device with a high and a low setting is used. The low setting is 5 to 10 psi
above the | owest safe systemair pressure to avoid unintentional tripping of
the dry pipe valve. That |owest safe air pressure is determned by the dry

pi pe valve design and the water supply pressure, including surges. The high
air pressure setting for the supervisory device is usually 18 to 20 psi above
the | ow pressure setting.

The neaning of a low air pressure supervisory signal is that the nornmal
neans of maintaining air pressure has failed and nust be corrected soon or the
dry pipe valve will trip. A high air pressure signal means that the pressure
switch controlling the conpressor has failed to turn off and damage to the
conpressor may result if power is not imediately disconnected. Manual
control of the conpressor would be required until the switch is repaired.

3.7.6.2 Heat-Actuated Device (HAD) Air Pressure Indicator.
Heat - act uat ed devices are pneumatic devices frequently arranged in a system
which is slightly pressurized. An alnost constant |ow pressure of a few
ounces per square inch is maintained by a small conpressor so that an air |eak
in the system can be detected. The low air pressure switch is usually
factory-set at a pressure slightly below the normal starting pressure for the
conpressor.
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3.7.6.3 Pressure Tank Air Pressure Indicator. A pressure tank air
pressure supervisory device causes a signal for air pressures outside the
nornmal range in a pressure tank type water reservoir. Simlar to the high/low
air pressure switch for a dry pipe system it is usually munted on the
reservoir tank wall

3.7.6.4 Testing and Maintenance of Air Pressure Supervisory Devices
Test air pressure supervisory devices sem -annual |y when other devices in the
area are being inspected or tested. Test pressure sensors for dry pipe and
HAD systens carefully. Dropping the air pressure to obtain a |ow pressure
signal can cause unintentional tripping of a dry pipe valve or other
associ ated sprinkler system

. Dry Pipe Sprinkler Air Pressure Supervisory Device. Before
testing, calculate the approximate air pressure for tripping the
dry valve so an unsuccessful test can be stopped before that
pressure is reached. Note the water pressure on the supply side
of the dry valve and add approxinmately 20 psi to that reading to
allow for possible pressure surges during the test. Divide that
pressure by five (or actual ratio between supply water pressure
and system air pressure for the particular valve) to obtain the
| onest safe air pressure. A nore precise figure should be on
the manufacturer’s instruction sheets for the dry valve. Note
whet her an accel erator or exhauster is provided for the dry pipe
system

Slowy bleed air fromthe systemside of the dry valve fast enough to
regi ster on the gauge, but not so fast as to risk tripping the dry valve. Use
the small globe valve or lever valve provided for the purpose. Keep the rate
of pressure drop quite slow if an accelerator or exhauster is installed. At
some pressure, the air maintenance conpressor should start. Note that
pressure, shut off the conpressor power, and continue bleeding off air. A low
air pressure supervisory signal should be initiated 2 to 5 psi below the
conpressor starting pressure and at |least a few psi above the | owest safe air
pressure cal cul ated above

During the test, check the supply water pressure gauge occasionally for
any increase in pressure which could affect the |owest safe air pressure
previously calculated. |If water pressure changes, recalculate the low air
figure so that the test can be discontinued before that pressure is reached
When the | ow air pressure supervisory signal is obtained, note the air
pressure reading for future reference, close the bleed-off valve and restore
conpressor power. Be sure the supervisory signal restores to a norm
indication when the air pressure is back within its nornal range. Note the
pressure at which the conpressor shuts off.

A high pressure supervisory signal is often difficult to obtainin a dry
pi pe systemsince it requires bypassing the pressure switch contacts which
cause the conpressor to shut off when normal pressure is reached. Usually the
easiest way to do this is to jumper the switch terninals. To avoid electrica
shock, turn off conpressor power first, junper the terminals and then restore
power. The high air pressure supervisory signal should be obtained when air
pressure reaches 5 to 15 psi above the nornmal conpressor cut-off pressure. If
the pressure relief valve opens, relieving the excess pressure, before the
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supervisory signal occurs, check ‘if the conpressor control settings and the
| ow pressure supervisory signal setting were correct. Discontinue the high
pressure test if other settings were proper. Shut off conpressor power,
remove the junper, and restore conpressor power. Bleed off system air
pressure until restoration of the high pressure signal to normal (if it was
obtai ned) occurs. Close the bleed-off valve

. Heat - Actuated Device (HAD) For Air Pressure Supervision. HAD
systens are often used as the fire detectors for deluge
sprinkler systenms or other special hazard fire extinguishing
systenms. Test HAD air pressure supervisory devices very
carefully or the associated fire extinguishing system may be
actuated, causing water damage and disruption of norma
activities. Mechanically deactivate any associated fire
protection systemusing the manufacturer’s recommended mnet hod
before starting the test.

Locate the test plug in the HAD header block (it is usually a hexagona
headed plug). Loosen the plug only slightly to allow a slow |leak of air from
the HAD system  Observe the pressure drop on the gauge usually supplied for
this purpose, and note the pressure at which the | ow pressure supervisory
signal occurs. When the air pressure maintenance conpressor starts, note the
pressure and whether or not the pressure continues to drop. It nmay be
necessary to turn off conpressor power or increase the rate of air loss to
cause the pressure to continue to drop and reach the | ow pressure supervisory
signal setting. After obtaining the signal, tighten the test plug and restore
conpressor power. Test for air leaks at the test plug with soapy water or
ot her bubble solution, and retighten the plug if necessary. Confirm that the
| ow pressure signal restores to a nornmal indication, and reactivate any
associated fire protection system

. Pressure Tank Air Pressure Supervisory Device. Test this device
the sane way the air pressure supervisory device for a dry pipe
sprinkler systemis tested. Test for |ow pressure actuation of
the device by releasing air fromthe tank to obtain the | ow
pressure setting. It may be necessary to shut off power to the
air maintenance conpressor to permt an uninterrupted pressure
drop. Test for high pressure actuation of the supervisory
device by junpering the conpressor control switch terminals
whi ch normally open when nornmal pressure is reached. I nst al
and renove the junper with conpressor power off to avoid
el ectrical shock. Restore conpressor power with the junper on
to increase pressure and obtain the high pressure signal
Renmove the junper when the high pressure signal is obtained
Rel ease air again to restore normal pressure to the tank.
Confirm that' supervisory signals restore to their nornma
i ndi cati on.

3.7.6.5 Troubl eshooting. The nost frequent cause of failure in
pressure supervisory devices is msadjustnent of the pressure switches at
installation. |If pressure switches have operated properly in the past and
records are kept at the pressure settings obtained during previous tests, a
failure to obtain approximately those same readings indicates either a circuit
problem or device failure. (See Section 3.5.3 for circuit troubleshooting.)
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A device failure usually requires replacing the device, adjusting the new
device to the old settings, and returning the defective device to the

manuf acturer for repair. Have the manufacturer adjust the pressure set points
to the requirenents of the application.

3.7.7 O her Supervisory Devices. Oher supervisory devices may be
encountered. They will usually be designed for unusual situations which do
not allow the use of the nore common supervisory devices. The principles of
operation are generally the sane as those discussed, but physical mounting
provisions or other details may vary. Figure 2-23 shows a supervisory device
for sprinkler control valves which is used only when the standard OS&Y or
butterfly valve supervisory devices cannot be used. |f the valve handle is
rotated to close the valve, tension on the waterproof cable |ooped through the
val ve handle pulls out a plug fromthe device and breaks the normally cl osed
supervisory circuit. A simlar device, used in normally open circuits, uses a
magnet and reed switch.

3.7.7.1 Testing and Maintenance of Qher Supervisory Devices. Test
ot her supervisory devices annually by creating or sinulating the abnorma
condition, confirming the receipt of supervisory signals, restoring the
condition to normal, and confirming restoration of supervisory signals to
their normal indication.

3.7.7.2 Troubleshooting. Deternmine first whether the failure is a
circuit or a device failure. Electrically sinulate the device actuation by
short circuiting device termnals for normally open circuits or by

di sconnecting a wire for normally closed circuit. |f signals are properly
initiated by sinulation, the device in question is defective. [|If the problem
still exists, the circuit is defective and further tests are required to

| ocate the fault (see Section 3.5.3).

3.8 ALARM | NDI CATING DEVICES. Alarmindicating devices are the lights or
soundi ng devices that indicate a fire alarm or abnormal condition, These
l'ights and sounds may al so provide information about where the signa

ori gi nates.

3,8.1 Visual Alarm Indicators. There are various types of lights for
visual alarm indicators.

3.8.1.1 Zone Annunciator Lanps. Zone annunciator |anps are described
in Section 3.3.9. Figure 2-2 is a photograph of an annunci ator which uses
i ncandescent | anps.

3.8.1.2 Flashing Evacuation Alarm Lanps. Evacuation alarm lanps are
usually installed with an audible device. The flashing feature is sometines
created by pulsating the power source for only the lamp at the control unit or
by a thernpstatic or solid state flasher built into the evacuation alarmlam
assembly. The lanp assenbly with built-in flasher does not provide
supervision of the operability of the flasher and a defective flasher is not
detected until a test or alarm occurs.

3.8.1.3 Rotating Evacuation Al arm Beacons. Rotating beacons provide
a flashing light. The power source is constant during an alarm and, instead
of a flasher, the beacon assenbly contains a notor and gear drive which
rotates a set of reflectors around a centrally located |anp.
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3.8.2 Audible Alarm Indicators. Audible alarmindicators are
el ectromagnetic devices which produce sound when energized

3.8.2.1 Bells. A bell consists of nany of the same parts as a relay

and operates on the same principle. The bell contains an el ectromagnet
composed of a coil and core. The core is magnetized when the coil is
energized with electric current. A pivoted, spring-loaded armature is
attracted to the core when the core is magnetized. As the armature noves
toward the core, a set of contacts connected in series with the power source
is interrupted by the armature novenent and power is disconnected fromthe
coil. The spring returns the armature to its original position, closing the
contacts and restoring power to the coil to start a new cycle.

A bell clapper is attached to the armature and physically arranged so that
it strikes a gong with each cycle of vibration. The clapper nay be a pivoted

|l ever type or a plunger type. In the plunger type, the plunger becones the
nmovi ng core of a solenoid when the coil is energized, otherwi se the operation
is simlar to the pivoted lever type. A typical bell is shown in Figure 2-8.

In single stroke bells, the contacts are elimnated. The el ectronmagnet
prevents full rebound of the clapper after the gong is struck until power is
removed. Each new application of power causes a single full stroke of the
cl apper. Single stroke bells are frequently used in coded building alarm
syst ens.

3.8.2.2 Horns. Some horns operate like bells. There is an
el ectromagnet with its coil and core, and the armature which is attracted to
the core is the vibrating diaphragm that causes the noise. A set of contacts
connected in series with the power source is operated by the vibrating
di aphragm just as the contacts were operated by the armature in the bell.
Figure 2-8 shows a typical horn of this type. Oher horn designs use a notor
driven cam to vibrate the diaphragm

3.8.2.3 Chimes. Chinmes operate very nmuch |like the single stroke
bell. In chimes, the noving part is a plunger which also acts as the core of
a solenoid. \Wen power is applied, the plunger noves to strike a flat
rectangul ar plate and rebounds enough to allow the plate to continue to
vibrate. \Wen power is renoved and reapplied, the plunger strikes the plate
again, one tine for each power application. The chinme is not as loud as the
other audible devices so it is popular for hospital use and for some coded
building alarm systens. Figure 2-8 shows a typical chinme.

3.8.2.4 Speakers. Speakers are becoming increasingly popular for
al arm use because of their versatility. They can reproduce a variety of
sounds. In nmulti-story building alarmsystens, speakers may be used to
reproduce a siren type sound alternating with a recorded nmessage whi ch gives
evacuation instructions (that is, provides text material, thereby referred to
as textual indicating device).

Speakers are electromagnetic devices also. There are nmany speaker designs
but one of the nobst common is the permanent magnet speaker. The speaker coil
is cemented to the center of the speaker cone. The coil is located within the
magnetic field of a permanent magnet. Sound is reproduced by supplying a
varying alternating current to the speaker coil from an amplifier. The
alternating current causes the coil to produce its own varying magnetic field
which alternately opposes and reinforces the fixed magnetic field of the
permanent magnet. The coil experiences a varying nmagnetic force which causes
the core to vibrate at the frequency of the alternating current and with an
anplitude proportional to the amplitude of the alternating current.
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3.8.2.5 Testing and Mintenance of Alarm Indicating Devices. Test
alarm indicating devices monthly with the nonthly inspection. Wen

convenient, the test may be conbined with a fire drill. Test by operating the
drill switch or the test switch at the control unit or by actuating an
initiating device. If the test switch or an initiating device is used, notify

the renote al arm headquarters because renmote signal transmitters and ot her
auxiliary features will be actuated by such a test

Wiile there is an alarm condition, check all the indicating devices and
note any that fail to operate properly. Audible devices should produce Ioud
clear, consistent tones and coded system codes should be clearly readable.
Visual devices should be bright and steady or pulsating, as intended

I nspection of indicating devices should be planned such that every device
is tested at least once a year. A record should be naintained docunenting
tests of indicating devices for the previous five years. Test annunciator
| anps by operating a “lanp test” switch, if it is provided. QOherw se, cause
an alarmand a trouble condition on each zone. It is usually convenient to
cause these conditions at the control unit initiating circuit termnals.
Renot e annunciators should be tested sem-annually for proper operation.

3.8.2.6 Troubleshooting. Periodic cleaning may be required for
i ndi cating devices. A recommended checking and cl eani ng procedure may be
included in the manufacturer's literature. The frequency of cleaning needed
depends on the ambient conditions. Wen a single indicating device fails to
operate, it is usually defective. If a group of devices fails to operate, the
fault is usually a defective circuit. Circuit troubl eshooting was di scussed
earlier in this chapter in the section about maintenance of control and
auxiliary units (Section 3.5.3).

. Zone Annunciator Lanps. Wen annunciator lanps fail to
function, it is either because the lanp is defective or the lanp
is not making proper contact with the lanmp socket. See Section
3.3.9 for methods of checking lanps and sockets.

. Fl ashing Evacuation Al arm Lanps. Check lanps froma flashing
[ anp assenbly that fail to function using information in Section
3.3.9. If the lanp is good but still fails to function in the
assenbly, check that voltage fromthe control unit is present at
the assembly ternminals. |f voltage is present, replace the
flasher and return the defective flasher to the manufacturer for
repair or replacenent.

For lanps connected to control equipnent that supplies a pulsating voltage
for signaling an alarm failure of good lanps to flash or light at all
indicates a failure of the pulsating power source in the control unit.

Proceed with troubleshooting or return of equipnent to the manufacturer.

. Rotating Evacuation Alarm Beacons. |f a rotating beacon fails
to light but voltage is supplied, it indicates |lamp replacenent
is necessary (see Section 3.3.9). If the lanp lights, but the

reflector assenbly fails to rotate, a motor or gearing failure
is the probable cause. Unless a solution is obvious, return the
conpl ete assenmbly to the manufacturer for repair.

. Bells. Defective bells usually require contact cleaning or gong
adjustment.  (Some bell designs do not provide for gong
adjustment. ) Clean contacts with a burnishing tool, a common
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repair tool for relays. |f the bell buzzes but does not ring,
adjust the gong. Bells that allow for gong adjustnent have a
gong with an off-center nounting hole so that rotation of the
gong around the mounting bolt noves the inner surface of the
gong rimcloser to or away from the bell clapper or plunger.
Only slight adjustnent should be necessary.

If no sound is obtained after contact cleaning, check continuity of the

bell coil. Infinite resistance indicates a burned out coil or a broken wire.
Repl ace the coil if practical or return the bell to the manufacturer for
repair.

. Horns. Horns which fail to operate or produce adequate sound
usually require adjustnment. A small screw adjustment is usually
provided for volune adjustnent. Make the adjustment while power
is applied so that the desired volume can be determned during
the adjustment. Check the manufacturer’'s material to locate the
adj ustment screw. If horn volume is still inadequate or
internmittent, clean contacts with a burnishing tool, such as
used for relay contacts. Some disassenbly of the horn is
necessary to reach the contacts.

. Chimes. Chines are single stroke devices that only produce the
conventional chine sound when subjected to a pul sating voltage.
Unsatisfactory chine performance may be the result of
application of a nonpulsating voltage rather than a defective

chime. If a chime does not performoproperly with a pul sating
power source, check coil continuity with an ohmreter and replace
the coil if there is no continuity. |If the coil shows

continuity and there is some plunger notion when power is
applied, the problem may be because of dust or dirt or wear
between nmoving parts. Disassenbly of the parts, cleaning, and
reassenbly may cure the problem The parts may be lightly
lubricated, if reconmended by the manufacturer.

. Speakers. If a speaker rattles during an alarm nounting screws
may be |oose. Internittent performance nmy indicate |oose
connections at termnal screws. Tighten nounting and term nal
screws firnly. Fuzzy sound may be due to a damaged cone.

Return speakers with danaged cones to the manufacturer for
repair. Failure of a speaker to operate may indicate that its
coil is defective. Check coil continuity and, if found to be
infinite, return the speaker to the manufacturer for repair.

3.9 CONNECTI ON OF BU LDI NG ALARM TO BASE ALARM SYSTEM To have conti nuous
nmonitoring of building alarmsystens w thout having individual personnel
continuously on duty at the buildings, many mlitary bases have a base alarm
systemw th individual alarns throughout the base connected to transmt
signals to a central |ocation.
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3.9.1 Signals Transmitted to Base Alarm Headquarters. The types of
signals transnmitted to the base fire alarm headquarters are usually linmted to
the follow ng:

. Fire Alarms (waterflow, automatic fire detection, nmanual, and
evacuation signals).

. Sprinkl er Supervisory (closed valves, |ow tenperature, and fire punp
signal s)

. Building Fire Alarm System Trouble (circuit problens and power off).

CGther types of alarmsignals are not usually transnmitted to the fire alarm
headquarters to avoid possible confusion of signals which could reduce the
effectiveness of fire protection. Burglar alarmsignals, industrial process
signals, and environnmental control systemsignals are usually transnmitted to a
separate location. Some sophisticated nmultiplex systens transnit all the
above types of signals to one location with fire alarmrelated signals taking
first priority and causing different, easily distinguishable audible and
visual indications at the receiving console.

3.9.2 Connection to Noncoded Base Al arm System Noncoded base alarm
systems are usually the reversal signal or the direct wire type. Both types
require a pair of telephone type wires or one wire and an earth ground
connection. Reversal signal transm ssion is discussed in Chapter 2, under
“Base Alarm System Conponents,” and earlier in this chapter (Section 3.4.1).

Direct wire signal transmission requires a way to change the signaling
circuit resistance at the transmtter end so that current changes at the
receiver can be interpreted as trouble, nornmal, and alarm conditions. The
power source for direct wire signaling circuits is usually located at the base
fire alarm headquarters. The wires may run overhead or underground between
transmtter and receiver, and there is a separate transnitter/receiver pair
for each connection to the base system The receiver is usually a plug-in
module in a receiver rack or cabinet.

3.9.3 Connection to Coded Base Alarm System Coded base al arm systens may
be MCulloh, nunicipal, or nultiplex types. Signal transm ssion and wiring for
McCul I oh and muni ci pal types between coded transnmitters and the receiver are
similar. A pair of wires and an earth ground connecti on connect the
transmtter with the base signaling circuit. The pair of wires connects the
transmitter into the series loop circuit which termnates at the receiver.

The ground connection provides the Class A capability to transmt and receive
signals with one fault on the circuit. Consult NFPA 72B for further detail on
the various nunicipal transmitter tripping methods and wiring from buil ding
systens to nunicipal transmtters.

Various nultiplex system designs place different requirenents on the
interconnecting wiring. Most designs require shielded cable between renote
| ocations and the receiver. Figure 2-25 is a block diagramof a typical
multiplex system

3.9.4 Bypassing Base Al arm Connection for Building Alarm System Testing.
To facilitate testing alarm systens in buildings wthout causing unnecessary
alarmsignals at the base fire alarm headquarters, building alarm systens
frequently have a switch for deactivating the building connection to the base
system  Operating the switch to the bypass position usually causes a trouble
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indication at the building control unit as a remnder to reactivate the
connection to the base system when tests are conpleted. Because of the
possibility of leaving a building systemdisconnected fromthe base system
some local authorities do not allow the use of bypass swtches

3.10 BASE ALARM SYSTEM EQUI PMENT. The met hod of connecting al arm systenms or
devices to the base al arm system depends on the nunber or density of signa
initiating devices in a building or area as well as the type of base system
If many initiating devices are located in a building, they are usually part of
a building system |If initiating devices are further apart, such as one
device per building, there may be no building system

3.10.1 Connection to Building Alarm System Building alarm systens have a
control unit where all wiring for the systemtermnates. Building systens are
connected to the base alarmsystemby an auxiliary alarmrelay or relays in
the control unit. This relay may act as the renote signal transmtter (as in
current reversal base systens), may cause actuation of a transnitter (as in
McCul I oh or nunicipal transmitter base systens), or nay cause a change in
state which is interpreted as an alarm by a base nultiplex system

When there is a building system one fire alarmtransmtter for the
building is actuated by the building control unit. There may al so be a
separate transmitter for the building supervisory devices actuated by a
supervisory auxiliary relay in the supervisory control unit. The supervisory
control unit functions may be perforned by the fire alarm control unit.

3.10.2 Direct Connection to Fire Al arm Supervisory Device. | ndi vi dual
coded initiating devices are frequently connected directly to the base alarm
system not to a building system particularly in the case of MCull oh coded
base alarm systens. The coded initiating device may al so have switch contacts
whi ch are connected to cause an alarmin a building systemor sinply to cause
sounding of one audible device near the initiating device. Direct connection
of initiating device transnmitters to the base alarmsystemis usually used
when there are only one or two initiating devices in a building. A typica
application of this type may have two sprinkler waterflow transnmtters and a
sprinkler supervisory transmitter in a warehouse connected to a base al arm
system MCulloh signaling circuit. The two waterflow transnmitters may each
ring a local bell to alert occupants and to localize the cause of any alarm

3.10.3 Base Alarm System Circuits.

3.10.3.1 Tel ephone Type Wring. Tel ephone type wiring circuits are
characterized by central offices where all the tel ephone line pairs for areas
near the central office are routed and any permanent connections between the
individual pairs are nade. Mbdern telephone type wiring is also underground
and is maintained by a civilian tel ephone conpany or a mlitary branch
specializing in conmunications.

. Noncoded Renpbte Station. A noncoded renpte station has
i ndi vidual receiver nodules for each fire alarm or supervisory
transmtter. A pair of telephone wires, or one wire and a
ground connection, connect each transmitter with each receiver
modul e.  That pair of telephone wires is dedicated for the
transmi ssion of signals fromonly that one transmitter to its
renote station receiver nodule.
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. Coded Central Station. A coded central station typically uses
the MCulloh coded signaling nmethod. A MCulloh signaling
circuit is a loop, both ends of which term nate at the
receiver. A nunber of transmtters, typically 10 to 25, is
connected to each signaling circuit.

Each transmitter has its normally closed coding contacts connected in
series with the loop. Each transnmitter and the central station have an earth
ground connection independent of the tel ephone type wiring. The circuit is
electrically a loop, but is physically formed from conventional telephone |ine
pairs.

. Miltiplex. In a nultiplex type base alarmsystem each buil di ng
protected by the systemtypically has one or nore data gathering
pane-is with signal initiating circuits connected. FEach data
gathering panel is typically connected to the nmultiplex receiver
with a voice grade shielded pair of telephone wires. See the
bl ock diagram of Figure 2-25.

3.10.3.2 Plant Type Wring. Plant type wiring is independent from
tel ephone facilities, including central offices, and is usually maintained by
the user organization. Plant type wiring is totally dedicated to the use of
the base alarm system and has its own conduit and junction boxes.

. Coded Municipal. A coded nunicipal base systemis electrically
very simlar to the coded MCulloh system However, the
transmtter for the municipal systemis usually located outside
the building and is connected to the building systemby a pair
of wires which either supply energy fromthe building systemfor
starting the transmitter (local energy trip) or forma shunt
across the transmtter tripping coil and start the transnitter
when the shunt circuit is broken (shunt trip) with energy from
the alarm headquarters through the municipal circuit.

. Coded Proprietary. A coded proprietary base systemis usually
wired like the coded central station base systemwith the
differences described under “Plant Type Wring”.

. Coded Multiplex. A coded multiplex base systemis wired |ike
the nultiplex system described under “Telephone Type Wring”
with the differences described under “Plant Type Wring”.

3.10.3.3 Radio Frequency Type. The radio frequency type base system
is simlar to the nunicipal type system The individual radio call box
transmitter is not a part of the building system but is a part of the base
system and is located outside the protected building. There is wiring between
the radio call box and the building systemto trip the radio call box
transmitter and maintain the rechargeable battery in the radio call box, if
provided. There may be an interface panel in the building to provide the
special features required by the radio call box and the functions usually
provided by a building alarm system control unit. In addition it provides
charging current for the radio call box battery, individual zone actuation of
the radio call box, and supervision of interconnecting wiring between the
interface panel and the radio call box.

3-82



The wiring between the building systemand the radio frequency transmtter
consists of at least a pair of wires for the fire alarmfunction and usually
one additional wire for each additional coded function, such as individual
fire alarm zones or supervisory signals. The link between the transmtter
| ocated near the building and the base fire alarm headquarters is radio
frequency transnmission instead of the wire used in the nunicipal type system

3.10.3.4 Testing and Mintenance of Base Alarm System Circuits. Test
the base alarm system circuits monthly under normal circuit conditions. Test
Class A base alarm systemcircuits, those with the capability of continued
operation with one fault on the circuit, quarterly under fault conditions.

The McCulloh circuit test with faults should be perforned as foll ows:

1. Gound the signaling circuit at a transmtter, using the device
ground. Confirm ground detection at alarm headquarters.

2. Have receiver nonitoring personnel operate the circuit conditioning
switch for circuit operation with a ground, if conditioning is not
automatic.

3. Actuate a transmitter on each side of the ground fault separately and

confirm that received codes are clear and identifiable.

4. Renmove the ground fault fromthe circuit and confirm that a nornmal
circuit condition is indicated at the receiver.

5. Have receiver nonitoring personnel operate the circuit conditioning
switch for nornmal operation if conditioning is not automatic.

6. Di sconnect one wire of the signaling circuit at a transnmitter.
Confirm open fault detection at the receiver.

7. Have receiver nonitoring personnel operate the circuit conditioning
switch for operation with an open fault if conditioning is not
automatic.

8. Actuate a transmitter on each side of the open fault separately and

confirm that received codes are clear and identifiable.

9. Reconnect the disconnected wire, confirmindication at the receiver
of circuit return to normal, and have receiver nonitoring personnel
operate the circuit conditioning switch for normal operation.

Tests for nunicipal type signaling circuits and other wired circuits
should follow the same principles described for MCulloh circuits. Radio
frequency required tests are conducted automatically each day in approved
systems. Perform other tests according to equipnent nanufacturer’s
instructions.

3.10.3.5 Troubl eshooting. Base alarm systemreceivers usually give
automatic indication of a fault and the type of fault. Locate the fault the
same as for Class A initiating circuits. Sonetimes it is unnecessary to
follow the detailed troubl eshooting method if you renmenber that a transmitter
whi ch does not conplete a cycle can cause a ground or open fault by stopping
with signaling contacts in the grounded or open condition.
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Review recently received signals on the circuit that has the fault to
identify the last transmitter to operate before the fault appeared. Also
check to see if all code sequences of that signal were conplete. Check that
transmtter to see if the coding camis in its normal position. [If not
rewind the spring motor or check the power supply for the transmitter. \Wen
power for the transmitter is restored, the code sequence should run to
conpletion and renove the circuit fault.

3.10.4 Transm tters.

3.10.4.1 Noncoded Transmitters. Noncoded transmitters al nost al ways
consi st of one or two relays arranged to reverse voltage and current on a pair
of wires to the base al arm headquarters or to change resistance in the renote
signaling circuit. The reversal relay arrangement is discussed in Section
3.4.1.6, “Renote Signal Transnmitters.” Relays are discussed in Section
3.3.1. The transnitting arrangement whi ch causes a change in resistance has
relay contacts which short circuit an end-of-line resistor or a portion of it
so that a change in current can be detected at base al arm headquarters and
interpreted on the basis of current value. The desired current values for
different conditions are specified by the receiving equipment nanufacturer.

3.10.4.2 Coded Central Station Type Transmitters. Coded central
station transmtters are described in Section 3.4.1.6, “Renpte Signa
Transmtters .*

3.10.4.3 Coded Municipal Type Transmitters. A coded mnunici pal
transmitter is functionally simlar to the coded central station transmitter
except for the nethods of actuation. Municipal transmtters are actuated by
power supplied froma building alarmsystemcontrol unit (local energy trip
type transmitter) or by renmoving a shunt across the transmitter tripping coil
usual Iy, by relay action at the building alarmsystemcontrol unit (shunt trip
type transmitter). The electrical energy for tripping the shunt trip type
transmitter is supplied through the nunicipal signaling circuit fromthe fire
alarm headquarters. Municipal transmitters with a manual alarmfeature
(master boxes) can be actuated manually as well as electrically (described
above) . Municipal pull boxes, which are actuated only manually, may al so be
connected to nunicipal type circuits

3.10.4.4 Coded Miltiplex Type Transmitter. The coded nultiplex
transmtter is the data gathering panel. A description of its operation is in
Section 2.3.2, “Base Al arm System Conponents,” in the section on signal
transmtters.

3.10.4.5 Coded Radio Frequency Type Transmitters. Coded radio

frequency type transmtters (radio call boxes) function in base al arm systens
the same way as municipal type transnmitters in a nunicipal type base alarm
system A fire alarmin a building systemconnected to a radio call box
causes the radio call box to transmt a coded alarmsignal to the base fire
al arm headquarters. The coded signal contains information on the type of
“alarm (fire, trouble, or supervisory) , the zone affected, and |low battery
information, if the battery charge is |ow

The radio call box is usually also capable of manual actuation to transmt
police and anbul ance call signals. Radio call boxes which are actuated _only
manual |y may also be a part of a base system  Tanpering, tilting, or knocking
down a radio call box causes a tanper signal. A test signal is transnitted
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automatically once a day, controlled by an internally set clock, or manually
by service personnel. Batteries for nodern radio call boxes are usually
rechargeable. Full charge capacity operates the transmtter for six nonths.
The battery may be continuously charged by a charger in the building or nay be
routinely renoved for recharging and replaced with a fully charged battery.

3.10.4.6 Testing and Maintenance of Transmitters. Test nanual and
automatic transmtters quarterly. For efficiency, these tests may be conbined
with tests of circuits and other devices. The test includes initiating an
alarm to cause the transmitter to actuate in its nornmal manner. For
transmtters that have nore than one node of actuation, such as manual and
electrical, test both nodes. For radio frequency transmtters which transmt
several types of signals, transmt each signal. Actuation of automatic fire
alarmtransnmitters should result fromthe condition sensed by an initiating
device rather than electrical or nechanical sinulation at the transmitter.
When several transmitters are located in one building, be certain not to
overl ook any transmtters during the tests.

3.10.4.7 Troubl eshooting. Troubl eshooting and other maintenance
procedures for reversal (noncoded) and MCul |l oh (coded central station)
transmtters are discussed in Section 3.4.1 under “Renote Signal
Transmitters .* The material on the coded McCulloh fire alarmtransmtter also
applies to coded nunicipal and coded proprietary transmitter types. The coded
mul tiplex and coded radio frequency transmtters vary considerably for the
various manufacturers. Consult the manufacturer’s information for
troubl eshooting these transmitters.

3.10.5 Signal Receiving Devices. Signal receiving devices are described
in Chapter 2 and in Section 3.4.1.

3.10.5.1 Testing and Mui ntenance of Signal Receiving Devices. Test
maj or base al arm system receiving equiprment daily. Some local authorities
require testing major equipment during each hour. Individual noncoded
receiver nodul es are adequately tested if receipt of signals is noted during
quarterly transmitter tests. Coded radio frequency type receivers are tested
each time a transmtter sends its daily automatic test signal

Daily tests of coded central station, nunicipal, and proprietary receiving
equi pnent should include receipt of normal transmitted signals from one
transmtter connected to each signaling circuit. Signals transmitted during
routine servicing and testing of building alarmand fire protection equi prent
satisfy this requirenent for the signaling circuits on which they occur.

Coded multiplex type receivers are in alnost constant conmunication with
the data gathering panels of the system The interrogate/response action
between the receiver and data gathering panels usually occurs one or nore
times a mnute. Additional tests should be perforned if recomended by
i ndi vi dual equi prent nanufacturers at recommended intervals.

3.10.5.2 Troubl eshooting. Follow the manufacturer’s reconmmrendations
in troubleshooting receiver problens. Individual conponent maintenance and
troubl eshooting is described in Section 3.3 for relays, capacitors, diodes,
resistors, and other conponents frequently found in receiving equipment.

3.10.6 Signal Recording Devices. Signal recording devices are described
in Chapter 2 and in Section 3.4.1.
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3.10.6.1 Testing and Mintenance of Signal Recording Devices. Test
signal recording devices daily. An actual or sinmulated signal froma
transmitter satisfies this requirement. The recording medi um (paper tape in
nost cases) nmust nove snoothly through the recorder. Printing should be dark
enough so there is no trouble interpreting the information. Inspect ink
ri bbons for signs of wear.

Mai nt enance shoul d also include the follow ng steps

1 Clean ink residue fromidler rollers and working parts daily, if
necessary.
2. Do not change adjustments except where necessary for proper operation

and as recomended by the manufacturer.
3. Rewi nd prewound drive nechani sns as necessary. Check daily

4. Mai ntain an adequate supply of paper tape. Replace expended rolls of
tape with full rolls when tape on a roll drops below that necessary
for three conplete coded fire alarm signals. Mintain tape alignment
to avoid breakage.

5, Manual | y advance ink ribbons on seldomused printers to avoid faint
printing due to dried out ribbon

6. Maintain tine stanp settings to the proper tinme.

3.10.6.2 Troubleshooting. If printing or inked markings are not dark
enough, replace ink ribbons or ball point type cartridges. Signs of ribbon
wear may indicate that the ribbon is old, or ribbon novenent is not snmooth, or
that the ribbon is not reversing at the end of each pass through the printer.

3.10.7 Power Supplies. Normal and energency power supplies for base alarm
system rel ated equipnent are described in Section 2.3.2.

3.10.7.1 Testing and Maintenance of Power Supplies. O her testing of

base al arm system equi pment provides for adequate testing of equipment power
supplies. Operate engine driven generators weekly for 1 hour. During the one
hour weekly running test, the generator |oad should be the same equi pnent
usual ly driven by the generator under energency conditions. After generator
war mup, check tenperature gauges for proper tenperature control by
thermostats . Check fuel supplies. Test automatic start features by shutting
down the normal power sensed by the starting device. Perform other tests
according to the generator nanufacturer’s instructions

Check water |evels for rechargeable cells weekly and add distilled water
for any cells with low water levels. Wpe noisture fromtops of cells; clean
corroded termnals of lead acid cells with a wire brush and m|d baking soda
sol ution. Be careful not to spill cleaning solution on cell caps or into
cells. Dry the termnals after cleaning and coat themwth a thin film of
protective lubricant recommended by the battery manufacturer. Termi nal
connections should be clean and tight.
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Measur e individual cell voltages and record themnonthly so deteriorating
cells can be discovered before there is a system malfunction. Perform
equal i ze charging of battery according to battery and/or charger
manufacturer’s instructions for the particular application. To avoid possibly
serious electrical shock during testing and cell cleaning, avoid touching
earth ground and cell terminals sinultaneously. War a rubber apron, gloves
and goggles during these activities to avoid shock and chemnical burns

3.10.7.2 Troubl eshooting. Follow equipnent manufacturer’s
reconmendati ons for troubl eshooting energency generator and battery charger
problems. Failures are unlikely if recomended tests and mai ntenance are
performed. When battery problenms are suspected, performroutine cel
measurenents, inspect water level, and confirmthat interconnections between
cells are clean and tight. Cell measurenents will help in locating cells
which are below standard performance. Further inspection may reveal a
mai nt enance deficiency. Replace cells which show inconsistent or substandard
cell voltage after correction of maintenance deficiencies
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CHAPTER 3.  SELF-STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng

questi ons.

@B-1 To make servicing of fire alarm equi pnent as easy as possible, it is
important to have the following reference materials readily available:

a,
b.
c
d

A dictionary

Schematic diagrams and manufacturer’s data sheets
The appropriate basic el ectronics repair nmanual

A tel ephone book

@B-2 The equi pnent manufacturer’s custoner service departnent:

a.

b.
C.

d.

Is a place to contact only when all repair attenpts fail

Shoul d be called inmrediately when the equiprment fails.

Can tell you the equiprment serial nunber if you describe the

equi pnent .

May be able to give hel pful repair suggestions on the phone or send
data sheets if you can give identifying nodel and serial nunbers

®B-3 Large items of equipment, when in need of repair:

Shoul d be returned to the manufacturer as soon as possible.
Shoul d be repaired in place, if possible, to avoid the problens
associated with renoval and shipping.

Visually are too conplicated to even attenpt to di sassenble for
i nspection of conponents.

Are usually easier to renove in one piece than to anal yze and
di sassenbl e

®B-4 Relay contacts should be

Cl eaned nmonthly with a burnishing tool

Adj usted with | ong nosed pliers when you think they are not
operating properly.

Bur ni shed by noving the tool perpendicular to the nornal contact
W pi ng action.

Mai ntai ned only when a synptom of a problem arises.

@B-5 Resistors:

Shoul d be inspected for physical damage when a problem arises
Shoul d be periodically inspected to make sure they are operating
wit hout overheating.

Do not need replacenent if their value has changed only 40% due to
over heati ng.

Can nore easily be repaired than replaced
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@B-6 Adjustable wire wound resistors:

a.

Wth a broken wire can usually be repaired with sol der.

Shoul d be cleaned periodically with hydrochloric acid.

Are often damaged by attenpting adjustnent before |oosening the
sliding band.

Are cleaned nost effectively if cleaned with al cohol while still hot
from use.

@B-7 Electrolytic capacitors:

a.
C.

d.

Are usual ly nonpol ari zed.

Are immune to deterioration from disuse.

Can be “forned” by applying voltage of the opposite polarity to that
marked on the capacitor.

None of the above.

®B-8 To check individual conponents of a circuit with an ohmeter, it is best

@®-9

@3- 10

Q8- 11

Q- 12

to:

oo T

The

oo o &

Turn on power to the circuit.

First disconnect wires which mght affect readings.
Use a high resistance scale to check values near zero.
Al of the above.

usual function of a diode is to:

Allow current flow in one direction.

Provide high resistance to alternating current.
Provide high resistance to direct current.

To reverse the direction of direct current flow

In checking an ordinary stepdown transfornmer with an ohmeter:

200 o

It may be necessary to disconnect 5 wres.

There should be no continuity between primry and secondary w ndi ngs.
Measure primary and secondary voltages at the termnals.

Al of the above.

If a fuse has blown tw ce:

oo o o

Replace it with one of slightly higher current rating.

Short circuit the fuse ternminals and look for signs of overheating.
Look for an electrical problem that could cause excessive current.
None of the above.

Encl osed switches in alarm equi pnent shoul d:

o ®

o0

Be disassenbled, cleaned and |ubricated quarterly.

Not be operated routinely, because each switch only has a limted
nunber of operations in its lifetine.

Be operated during routine testing.

None of the above.

3-89



®8-13

Q8- 14

@8-15

®B-16

Q- 17

@-18

@8-19

Small DC notors, Wwhen not functioning properly, often require:

Qperation with reversed polarity for a few mnutes.
Di sassenbly and cleaning of the reduction gears.
Repl acenent of brushes.

Al of the above.

oo o W

Synchronous AC notors used in timng applications:

&  Usually require no servicing other than brush replacenent.
bh. My require lubrication of bearings with 10W40 nmotor oil.
¢c. Can usually be repaired by lightly sanding the comutator.
d.  None of the above.

Smal | universal AC/DC high speed motors are sonetimes used:

a. I'n vibrating horns.

. In timng applications.

¢c. In continuous duty applications because of the absence of brushes

and conmmut at or.
d Al of the above.

The follow ng visual indicators cannot be checked with an ohmmeter:

& Incandescent (tungsten filanent) |anps.
b. Light emtting diodes (LEDs).

c. Neon |anps.
d. None of the above.

The nost frequent problems with interconnecting wring between control
units and initiating and indicating devices occur:

At junction boxes.

At the wire termnations.

In the long straight sections of conduit.
At right angle bends.

o o T ®

In checking a voltmeter, you notice that the nmeter always returns to
a reading just to the right of zero when the voltage is zero. Tapping
the 123.8r lens causes the needle to vibrate and settle to the sane
reading. The nost likely problemis:

Friction in the bearings.

An obstruction to normal neter deflection.
The need for battery replacenent.

The need for zero adjustnent.

o o O 2

To check an aml23.8r, the standard anileter for conparison
readi ngs shoul d not be:

Connected in series with the leter being tested.
Connected in parallel with the 123.8r being checked.
Simlar in scale to the leter being checked.

More accurate than the leter being checked.

oo o
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@B-20 The risk of personal injury fromelectrical shock is greatest in

servicing:
a8 Line voltage control wunits.
b. 12-VDC control units.
c. 48-VDC control wunits.
d. 12-VAC control units.
®B-21 The current cut-off device in a line voltage control unit acts
as a:
8. Relay and a buzzer.
b. Resistor and a relay.
¢c. Relay coil and contact.
d. Crcuit breaker and tinmer.

@B-22 The replaceable nodules in a modular control unit may:

Control audible signal devices.

Transfer power from the commercial source to standby.
Provide a reversing output voltage for renote signaling.
Al of the above.

2o o @

@®B-23 In a coded building alarm system extra nonentary sounds from
the audible signal devices may be caused by:

a A loose wire supplying power to the coder.
b. Irregular speed of the coder drive notor.
c [ nconpl ete removal of code wheel teeth.

d Al of the above.

@B-24 |f a paper tape register continues to run long after a coded
signal is conmplete, the defect nmay be:

& A defective capacitor in the timng circuit.

bh. Residual nmagnetismin the timng relay.

c. Solenoid shaft wear.

d. A short circuited diode across the timng relay coil.
@B-25 A reversal signal transmtter consists of:

a. A nrmotor, a code wheel, and contacts.

b. A digital device which transmts a digital code.

¢c. Arelay and a power supply.

d. None of the above.

B-26 |f a properly adjusted McCulloh transmtter does not produce readable
signals at the receiver, the cause nay be:

Excessive capacitance.

The spacing of the code wheel teeth.

A lag in relay operation at the receiver.
Al of the above.

oo oW
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Q- 27

Q8- 28

Q8- 29

Q- 30

@8- 31

Q- 32

Q8- 33

An open fault in a power circuit usually causes:

A blown fuse or circuit breaker.

An indication of power failure.

A low voltage DC alarm system to becone inoperative.
None of the above.

2o o

An open circuit fault in an unsupervised initiating circuit may cause:

The circuit to becone inactive.

A trouble signal at the control unit.
A false alarm

None of the above.

oo o

A short circuit fault in a series nornally closed initiating circuit
causes:

a. A false alarm

b. A trouble signal.

¢c. The circuit to becone inactive.

d. The circuit beyond the fault to become inactive.

Manual fire alarm devices should not be painted because:

a.  Paint interferes with movement of working parts.
b. The paint may cause a short circuit.

¢c. The paint used may not be U L. listed.

d. Al of the above.

For a practical periodic test of the electrical function of a manual
device, it is necessary to:

a. Break the glass or fiber retainer.

b. Renove the device fromthe wall to short circuit the termnals on
the back.

¢c. Open the device with an appropriate tool.

d. None of the above.

Automatic fire detectors nust not be:

a.  Tested.

b.  Painted.

¢c.  Touched with bare hands.

d.  None of the above.

Fi xed tenperature detectors with fusible elenents should be heat tested:
a. Every 5 years.

b. Only when an inspection shows a possible defect.

c. Every year.

d.  Quarterly.
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B-34 Rate conpensated detectors are:

A type of snpoke detector.

Visually checked for actuation.

Reusabl e.

Simlar in appearance to a rectangular metal box.

oo - @

(B-35 Rate of rise detectors usually operate on the principle of:

Differential expansion of netals with tenperature.
Increasing air pressure with increasing tenperature.
CGeneration of electricity at a bond of dissinilar netals.
Melting of a eutectic alloy at high tenperature.

e D o

B-36 A thermistor type heat detector operates on the principle of:

Melting plastic allowing two wires to touch.

Pneumatic tubing causing contacts to close when heated.
DC voltage generated by a thermocouple when heated.
None of the above.

2o o

@B-37 After installing a new fusible element heat detector, test it
i mredi ately by:

Applying heat slowy with a lamp or hot air gun.
Removing the fusible element if it is renovable.
Rubbing the detector vigorously with your hand.
Tapping it lightly with a screwdriver handle.

oo T 2

(B-38 Line type rate of rise detectors may make use of:

Rosettes.

Thernopl astic material.
Differential expansion of netals.
None of the above.

oo o o

@B-39 Photoelectric smke detectors may operate on the principle of:

Li ght obscuration by snoke.

Light reflection by snoke.

Light being blocked or partially blocked by snoke.
Al of the above.

oo o ®

B-40 lonization snoke detectors can detect smoke by:

a. The ions in the snoke causing an increased current between two high
vol tage plates.

b. A radioactive source ionizing the snoke causing an increase in
current.

¢c. The solid snoke particles interfering with current flowin air
ionized by a radioactive source.

d. The obfuscation of reticular ionization.
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@- 41

@- 42

@B-43

Q- 44

@B-45

B- 46

@- 47

The main difference between spot type and duct type snoke detectors is:

The arrangenent of electronic parts.

The method of powering the detector.

The nethod of moving snoke into the detector.
Al of the above.

oo

A spot type photoelectric snoke detector may need:

Periodic cleaning of the snoke chamber with detergent.
Cccasional rermoval of dust with |ow pressure air.

Repl acenent of an LED at the job site.

Recovery in bright light after cleaning.

oo

Beam type snoke detectors may require such servicing as:

Repl acenent of a light source LED at the job site.
Cl eaning of lenses and mrrors.

Imersion of filters in mld hydrochloric acid.
Al of the above.

oo

Optical flame detectors can distinguish flame from nonflame |ight
sources by using:

Fl icker discrimnation.

The optical integrity lanp inside the detector.

Precision spectral analyzing circuits in conbination with flicker
frequency validation.

d. Al of the above.

oo

Sprinkler waterflow is often detected by:

An increase in pressure.

A drop in pressure.

The waterflow causing mechani cal nmovement of a vane inside the pipe.
Al of the above.

eoc o

Val ve position switches cause a supervisory signal when:

a. The valve handle is operated two turns.

b. The valve handle is operated beyond 20% of its range fromits nornal
posi tion.

c. A plunger or lever noves out of a notch in the valve stem

d. Al of the above.

Punp supervisory signals usually are initiated by:

Sophi sticated sensors in the controller cabinet.
Heat sensors in the controller cabinet.

Relay contacts in the controller cabinet.

None of the above.

o o T o
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CHAPTER 4.  AUTOVATI C SPRINKLER AND STANDPI PE SYSTENMS

4.1 AUTOVATI C SPRI NKLER SYSTEMS.  Autonatic sprinkler systems autonatically
distribute water upon a fire in sufficient quantity either to extinguish it
entirely or to prevent its spread. Al sprinkler systems have three basic
conmponent s: (1) a water supply, (2) a piping network to carry the water, and
(3) sprinklers which distribute the water.

4.1.1 Sprinklers. Sprinklers are essentially nozzles placed at intervals
along the piping network to distribute a uniformpattern of water on the area
being protected. To attain maxi num efficiency, the stream of water must be
broken into droplets. A deflector, which is a part of the frame of the
sprinkler, breaks up the water.

4.1.1.1 Automatic Sprinklers. Automatic sprinklers are listed and
approved by certified testing |aboratories for specific applications based on
orifice size, deflector design, frame finish, tenperature rating, and response
time index.

. Oifice Size. Sprinklers have
orifice dianeters ranging from 0.25
to 0.70 inches.

. Defl ector Design. Deflector designs
give different patterns of water
distribution and allow the sprinkler
to be placed in various positions,

e.g. , upright, pendent or sidewall
(Figure 4-1). Deflector design also
dictates the droplet size of the SI DEWALL STANDARD  PENDENT

wat er spray.

. Frame Finish. Sprinkler frames may
be plated for aesthetic purposes or
they may be coated for protection
purposes. For example, sprinklers
intended for use in corrosive
atmospheres are either lead or wax
coat ed.

- >

o Tenperature Rating. Automatic
sprinklers are nornmally held closed

by heat sensitive el ements which STANDARD UPRI GHT QLD STYLE
press down on a cap over the
sprinkler orifice and are anchored by the FI GURE 4-1

frame of the sprinkler. The heat sensitive SPRINKLER DEFLECTOR STYLE
elements are designed to release at different

tenperatures, depending_upon the application. Sprinklers are color
coded to identify the range of tenperature rating of the fusible
element (Table 4-1). Color identification is not required for plated
sprinklers, ceiling sprinklers, or sinmilar decorative types.
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. Response Time Index(RTl). The RTI is a measure of the sensitivity of
the sprinkler head. A typical range of RTlI for residential
sprinklers is 30-60 (ft-sec)'"”and for commercial sprinklers is
150-600 (ft-sec)'”.

TABLE 4-1
SPRI NKLER TEMPERATURE RATI NGS
MAXI MUM AVBI ENT TEMPERATURE TEMPERATURE SPRI NKLER
CElI LI NG TEMPERATURE RATI NG CLASSI FI CATI ON COLOR CODE
(°F) (°F)
100 135 to 170 Ordinary Uncol or ed
150 175 to 225 I ntermediate VWi te
225 250 to 300 Hi gh Bl ue
300 325 to 375 Extra Hgh Red
375 400 to 475 Very Extra High Geen
475 500 to 575 Utra High Orange

There are basically four types of release nechanisns for automatic
sprinklers : (1) fusible link, (2) frangible bulb, (3) frangible pellet, and
(4) on-off elenent.

. Fusible Link Sprinklers. The fusible Iink automatic sprinkler
(Figure 4-2) is kept in the closed position by a two-piece Iink held
together by a solder with a predetermined nelting point. The
soldered link is between two | evers which are arranged between the
cap, over the orifice and the top of the sprinkler frame. \Wen the
solder in the fusible link nelts, the levers pull the two-piece link
apart and flies away from the sprinkler. This allows the pressure
in the piping network to push the cap off the orifice and the
sprinkler to discharge water.

< DEFLECTOR

DEFLECTOR SCREW

FRAME

CAP £= FEMALE LEVER
AP ROLLER KEY

\¥-

e ==

LINK PLATES

FI GURE 4-2
FUSI BLE LI NK AUTOVATI C SPRI NKLER
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. Frangible Bulb Sprinklers. The frangible bulb sprinkler (Figure 4-3)
has a small bulb made of gl ass between the orifice cap and sprinkler
frame. This bulb is partially filled with a liquid. The rest of the
space in the bulb is occupied by an air bubble. In a fire, the heat
causes the liquid to expand and conpress the air bubble. As the air
bubbl e conpresses, the pressure increases inside the bulb causing the
bulb to shatter and allowing the pressure in the piping network to
push off the orifice cap

. Frangible Pellet Sprinkler. The frangible pellet sprinkler (Figure
4-4) has a rod between the orifice cap and sprinkler frame. The rod
is held in place by a pellet of solder under conpression. Wen the
solder nelts the rod noves out of the way of the orifice cap which is
pushed off by the water pressure in the piping network.

. On-Of Sprinkler. On-off Sprinklers are capable of individually
termnating water discharge. They operate using a hi-netallic
el ement or wax notor.

The hi-nmetallic elenment sprinkler (Figure 4-5) uses a disc made of
two distinct nmetals as a heat sensitive element. \Wen the sprinkler
is off, the disc mmintains pressure on a piston assenbly. \en the
tenperature reaches the rating set point, the disc flexes and opens
rel easing pressure on the piston assenbly and allowing a small ampunt
of water to bleed out of the piston charnber faster than it can be
replaced through a restrictor. The pressure fromthe water in the
pi pi ng system pushes the piston down and allows the sprinkler to
discharge water. \When the tenperature of the sensitive elenent is
reduced, the elenment returns to its normal position and allows water
to pass through the restrictor, filling the piston chanber and
forcing the piston into the waterway which stops the flow of water
from the sprinkler.

The wax notor sprinkler has a fusible link as well as a small wax

ot or . Following the release of the fusible link, water discharge
occurs only after the special wax nmelts. Melting of the wax results
ina force being applied to a piston which opens a camto permt
water flow.  Wen the wax solidifies upon cooling, the piston returns
to its original position, closing the cam This type of on-off head
must be replaced after operation.

4.1.1.2 Dry Pendent Sprinkler. A dry pendent sprinkler (Figure 4-6)
is used when pendent sprinklers nmust be placed on dry pipe systens. Dry
pendent sprinkler also may be installed in wet pipe systenms when the area to
be protected is subject to freezing and the piping network is in a heated
ar ea. (See Section 4.1.2 for a description of dry pipe and wet pipe
systems. ) The dry pendent sprinkler is a standard automatic sprinkler fitted
with a tube within an attached pipe. The tube holds the water sealing
el ements in place against a watertight seal at the top of the pipe. Wien the
sprinkler is activated, the tube drops down to a predeterm ned position and
releases the elenents through the tube and out the open sprinkler.
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4.1.1.3 Open Sprinklers.
Open sprinklers (Figure 4-7)
consist of only a sprinkler
frame and deflector. These are
used on special sprinkler
systems, such as deluge or rapid
reaction systens.

4.1.1.4 Water Spray
Nozzl es. Water spray nozzles
(Figure 4-8) are used for
special application of water in
various patterns; e.g. , wde or
narrow angle, long throw or
flat patterns. The different
patterns may be achi eved by
either internal or external
deflection of the water stream FIGURE 4-7
dependi ng upon the type of nozzle. OPEN SPRI NKLERS

Nl gt
y

FI GURE 4-8
WATER SPRAY NOZZLES



4.1.2 Types of Sprinkler Systens.

4.1.2.1 Wt Pipe System The wet pipe sprinkler systemis the nost
common type. This system has autonatic sprinklers attached to a piping
network with water under pressure at all times. \Wen a fire occurs
i ndi vidual sprinklers are actuated by heat and water flows fromthe sprinklers
i medi ately. A wet pipe systemis generally used when there is no danger of
the water in the pipes freezing or when there are no special conditions that
require a special purpose sprinkler system The wet pipe sprinkler system may
have an al arm check valve (Figures 4-9 and 4-10). This device is used to
mai ntain a constant pressure on the sprinkler piping network “downstreant of
the valve.

VWen there is a fire, the flowi ng water causes the clapper assenbly inside
the alarm check valve to open and allows a portion of the water to flow
through a port in the alarmcheck valve which is, in turn, connected to an
alarm device. To prevent false alarnms fromwater surges, a retard chanber is
usual Iy placed in the piping between the alarm check valve and the al arm
devi ce

ELECTRIC ALARM
SWITCH OUTLET

~=1§  ELECTRIC
<&~ SPRINKLER .
STRAINER _ ALARM SWITCH
- TIL hecnamen:
TO MECHANICAL : |
WKLERALARM e e A
RETARD
g::@f . CHAMBER
ALARM
VALVE
e - !’ ALARM LINE | VALVE INLET
WITH VALVE i
ORAIN . :
VALVE )‘I N H
* ool i - I .
- e BYPASS | | :
- ERULEY : —_
et [ : \ \
|
i DRAIN
OQUTLET HEPNY OUTLET
RESTRICTION J

ALARM TEST
LINE WITH
VALVE

TO SYSTEM

TO SYSTEM d ' S
CLAPPER IN
y WIDE OPEN
: CLAPPER IN ¥ [l rosimion
: 3 /CLOSED POSITION

FI GURE 4-9
ALARM CHECK VALVE

4.1.2.2 Dry Pipe System In a dry pipe system the pipes normally
contain either air or nitrogen under pressure instead of water. Dry pipe.
systenms are used in areas where water in the pipes would be subject to
freezing, such as unheated areas or cold storage spaces
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FI GURE 4- 10
ALARM CHECK VALVE (SECTI ON)

A dry pipe valve (Figure 4-11)
acts as a control between the water
supply and the air under pressure in
the piping network. The dry pipe
val ve nmust be in a heated enclosure
because pressurized water is at the
underside of the dry pipe valve. A
smal | amount of water, called primnng
water, is also inside the dry pipe
valve itself. This water is to insure
a tight seal of the clapper and to
keep the rubber gaskets pliable.

The valve is usually nmade so that
a noderate air pressure holds back a
much greater water pressure.

FIGURE 4-11
DRY PIPE VALVE
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There are four types of dry pipe valves:

. Differential Dry Pipe Valve. The differential dry pipe valve (Figure
4-12) has a large clapper (air side) which bears directly on a
smal ler clapper (water side). The differential between the areas of
the two clappers is approximately 6 to 1. Therefore, relatively |ow
air pressure can hold back a much larger water pressure. For
exanmple, 20 psi air pressure can withhold 120 psi water pressure. To
elimnate an accidental trip of the valve and false alarns, air
pressure should be at least 20 psi greater than the calculated trip
pressure of the dry pipe valve, based on the highest nornal water

pressure of the supply system

t TO HYDRAULIC

ALARM SWITCH FIRE ALARM GONG

OPTIONAL

TO FIRE ALARM BELL
ELECTRICALLY OPERATED

WATER MOTOR STRAINER

TEST VALVE S
ALARM CONTROL VALV
TO DRAIN
PRIMING WATER VALVE
= ! ,
TO SPRINKLER PIPING '
_ N PRIMING CUP =
CLAPPER STORS CHECK VALVE . 3

PRIMING CUP VALVE

/
/cwu NG CHECK VALVE

LATCH

R

AIR SUPPLY VALVE NO |

PRIMING WATER 4
LEVEL

TO AIR
SOURCE

EX CLAPPER

AIR SUPPLY VALVE
NO. 2

SAFETY VALVE

~
41
’ CONDENSATE DRAIN
i VALVE

VELOCITY DRIP VALVE

1 NTERMEDIATE
ChiAl

CONTROLLING GATE VALVE

U HIHEHARHHAMIBES DB R  sn ii

WATER SUPPLY

FI GURE 4-12
DI FFERENTI AL DRY PI PE VALVE

When there is a fire, the heat actuates the sprinkler(s) and allows air to
escape from the piping network, reducing the system air pressure. As the
system air pressure is reduced, the differential is destroyed and the water
pressure below the dry pipe valve opens the clapper, allowing water to flow
t hrough the piping network to the open sprinkler(s).

Differential dry pipe systems have an inherent tinme delay between the
actuation of a sprinkler and the application of water to the fire. This delay
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is due to the time needed to bleed the air fromthe piping network and deliver
water from the dry pipe valve to the opened sprinkler(s). The tinme del ay can
be shortened by adding the accelerator or the exhaust as a quick opening
device to the dry pipe system

a. Accel erator. The accelerator (Figure 4-13) allows air from the
systemis piping to enter the internediate chanber in the dry
pi pe valve, destroying the differential, and opening the clapper.

b. Exhauster. The exhauster (Figure 4-14) opens and exhausts air
from the piping system faster than through the sprinklers
destroying the differential sooner.

RESTRICTION

TOP CHAMBER

MAIN VALVE
ASSEMBLY

MIDDLE
CHAMBER

MAIN SPRING §

AUXILIARY
VALVE
ASSEMBLY

AUXILIARY
SEAT

MAIN VALVE
CLAPPER

BOTTOM
CHAMBER

CLOSED OPEN

FI GURE 4-13
DRY PIPE SYSTEM ACCELERATOR

. Low-Differential Dry Pipe Valve. (ccasionally, the water supply to
dry pipe valves has debris. Wth a differential dry pipe valve
(Figure 4-15), the high velocity of water entering the system when
the valve trips can carry the debris into the systemand may plug the
system piping or the sprinklers. If debris in the water is a
problem the lowdifferential dry pipe valve nay be useful

The clapper in the lowdifferential dry pipe valve is only sightly larger
on the air side than on the water side and the air pressure in the systemis
mai nt ai ned approximately 15 to 20 psi greater than the water pressure
Because the sprinkler system piping contains air pressure about equal to the
water pressure, only a slight anount of water is diverted into the branch
lines which do not have operated sprinklers after the dry pipe valve opens
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Wth either a differential or lowdifferential dry pipe valve, an
automatic air maintenance device (Figure 4-16) nust be used to maintain air
pressure and prevent accidentally tripping the dry pipe valve. A so, an
automatic drain or high-water-level alarmis required for the primng water
level so the water does not accumulate. (If there is too much water, the dry
pi pe valve cannot operate.)

. Mechani cal or Latched-C apper Dry Pipe Valve. The mechanical dry
pi pe valve has systemair pressure against a small disc, diaphragm

or clapper (Figure 4-17). An arrangerment of |evers, |inks, and
| at ches on the val ve clapper provide the closing force on the water
cl apper.

« Auxiliary Dry Pipe or Air Check Valve. An auxiliary dry pipe valve
or air check valve system may be used when unheated areas have 20 or
more sprinklers, or are |located renmote fromthe water supply
connection to the building. These valves operate the sane as the
standard dry pipe valve except an alarmdevice is not necessarily
provided since the alarmis actuated by waterflow in the wet pipe
system

4.1.2.3 Antifreeze Systems. (Qccasionally, buildings protected by wet
pi pe sprinkler systems have snall areas which are subject to freezing. If
this area requires twenty sprinklers or less, an antifreeze system my be used
(Figure 4-18). A check valve or backflow prevention device nust be required
to prevent contamination of a potable water systemby the antifreeze solution
The antifreeze systemuses an antifreeze solution, generally consisting of
water and a water soluble Iiquid, such as glycerin or an alcohol glycol with a
high flash point and high boiling point. The proportions specified in Table
4-2 give the noted reduction in freezing tenperature w thout producing a
conbustible mxture
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FIGURE 4-16

1. Ball weight cover 8. intermediate clapper
ATIR PRESSURE MAINTENANCE DEVICE 2. Water and air clapper seats 9. Intermediate clapper link
3. Auxiliary clapper sest 10. Air clapper
4. Intermediate clapper seat 11. Auxiliary clapper
5. Water clapper 12. Trigger
6. Adjusting nut 13. Ball weight
7. Adjusting screw fock nut 14. Ball weight pin
Filling Cup~, >
Water, f FIGURE 4-17
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§ VALVE

HEATED ] UNHEATED
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Check Valve / Pitch to drain
(¥/x2 hole inclapper) DrainValve

FI GURE 4-18
ANTI FREEZE SYSTEM

In systems which have connections to potable water supplies, do not use
antifreeze solutions other than chemcally pure glycerin (U S. Pharnmacopoei a

96.5% grade) or propylene glycol, even wth backflow prevention devices
i ncl uded.

4.1.2.4 Water Deluge Systems. A water deluge system (Figure 4-19) is
used where there is an extra hazard, such as areas where flammable |iquids or
propellants are handled or stored, or where there is a possibility that a fire
m ght grow faster than ordinary automatic sprinklers can control. The systens
are also often used in aircraft hangars where ceilings are unusually high and
where drafts may deflect the direct rise of heat so that ordinary sprinklers
directly over the fire woul d not open pronptly but others, at sone distance
away, mght open w thout having any effect on the fire.
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TABLE 4-2
ANTI FREEZE SOLUTI ONS

To Be Used if Public water I's Connected to Sprinklers

SPEC. GRAV. FREEZI NG
SOLUTI ON AT POl NT
MATERI AL (By VOLUME) 60°F ‘F
G ycerine 50% Wat er 1.133 -15
CP. or US P Gade* 40% Wat er 1.151 -22
30% Wt er 1.165 -40

Hydrometer Scale 1.000 to 1.200

Propyl ene d ycol 70% Wat er 1.027 +9
60% Wt er 1.034 -6
50% Wat er 1.041 - 26
40% \Wat er 1. 045 - 60

Hydrometer Scale 1.000 to 1.120 (Subdivisions 0.002)

Suitable for Use if Public Water Is Not Connected to Sprinklers

Di et hyl ene dycol 50% Wat er 1.078 -13
45% VWt er 1.081 - 27
40% W\t er 1. 086 -42

Hydrometer Scale 1.000 to 1.120 (Subdivisions 0.002)

Ethyl ene G ycol 61% Wt er 1. 056 -1o
56% Wat er 1. 063 -20
51% Wat er 1. 069 -30
47% \Nat er 1.073 -40

Hydroneter Scale 1.000 to 1.120 (Subdivisions 0.002)

Cal cium Chloride Lb Cad, per

80% “Fl ake” *% gal of Water
Fire Protection G ade 2.83 1.183 0
Add corrosion inhibitor 3.38 1,212 -10
of sodi um bi chromate 3.89 1.237 -20
1/4 oz. per gal. water 4,37 1.258 -30
4,73 1.274 -40
4.93 1.283 -50

*

CP. - Chemcally Pure
US P - United States Pharmacopoeia 96.5%
**Free from magnesium chloride and other inpurities
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DELUGE SYSTEM

In the water deluge system all sprinklers connected to the piping network
are open and the water supply is controlled by a water deluge valve (Figures
4-20 and 4-21) . The deluge valve remains closed until a fire is detected.

Fire protection systens can be operated either nanually or autommtically.
Automatic operation occurs upon a signal generated by a fire detecting device.
This signal can be either nmechanical or electrical.

Mechani cal types of detection are pneunatic or hydraulic and are described
bel ow. El ectrical devices are described in the section on associated alarm
systems for each type of system One of the nmobst conmon types of detection
systens, used with a mechanical release, is based on the principle that heated
air expands. This systemuses an air tight, hollow chanber, called a heat
actuating device (HAD), which is usually nmade of brass. Its purpose is to
absorb the heat froma fire and, in turn, heat the air inside the chanber. As
the air is being heated, an increase in pressure is created. This pressure
increase is conveyed by I/8-inch tubing fromthe heat detecting devices to the
rel ease mechanism Inside the release mechanism a diaphragm is connected to
a system of levers. Al so, ahead of the diaphragmis a snaller vent which acts
as a conpensating device for normal tenperature fluctuations. The |/8-inch
tubing is connected between the vent and the diaphragm
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FI GURE 4-21
DELUGE VALVE ( AUTOVATI C SPRI NKLER MCDEL C)

During a fire, the heat produces pressures which exceed the bl eeding
capacity of the vent. Wen this happens, the diaphragm noves and causes the
| evers to operate, nmechanically activating the system (Figure 4-22). As nore
HADs are attached to the detection system the pressures developed by a fire
in the detectors near the fire would be absorbed by the detectors | ocated
outside of the fire area, inpeding operation. To elimnate this adverse
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feature, detectors are divided into groups of limted nunbers. Each group has
a separate line of air tubing connected to the release nechanismand is
separated from other groups by a nercury check. Each mercury check has its
own individual pressure setting and conpensating vent (Figure 4-23). Wen
pressure fromthe detection system presses against the colum of nercury in
the inlet well of the check, it pushes the nercury out of the way and all ows
the pressure to pass through the manifold passage to the diaphragm The
pressure is prevented fromentering the tubing from other groups of detectors
by the nmercury in the wells of the other checks. Overcoming the pressure from
the outlet side requires at least twice the pressure than would be required at
the inlet side.
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FI GURE 4-23
SEPARATION OF H A.D. GROUPS BY MERCURY CHECKS

Anot her type of mechanical detection system uses fixed tenperature
detection devices which are standard automatic sprinklers. This systemis
called a pilot heat systemand may be operated either pneumatically, with air
or other gases, or hydraulically, with water.

The pneumatic systemuses a |/2-inch air line which is attached directly
to the enclosing box of the release nechanism |Inside the enclosing box is
one or two HAD s which are connected to the conpensating vent on the
di aphragm  The enclosing box, the pilot line, and the heat detectors are all
at the sane pressure, which is usually 8 psig. Inafire, the heat actuates
one or nore sprinklers. This causes the pressure in the pilot Iine and
enclosing box to suddenly drop. The pressure in the heat detectors
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cannot escape fast enough through the conpensating vent and therefore presses
on the diaphragm which trips the rel ease nechani sm

Manuf acturers use a wide variety of nmechanical, pneunatic, hydraulic, and
el ectrical devices for fire detection and, in general, each manufacturer
provides his own particular conplete conmbination of fire detection, water
control valve release, and supervisory equipment. Check manufacturer’s data
for specific details.

Del uge val ves have a cl apper assenbly inside the valve to prevent water
fromentering the piping network downstream of the valve. The clapper of the
del uge valve is held closed either nmechanically or pneumatically, depending on
the type of deluge valve. When a fire occurs the fire detecting device
transmts a signal to the deluge val ve which causes the clapper to open and
allows water to flow simultaneously fromall sprinklers on the piping
net wor k. The deluge system sinmlar to the dry pipe system has a time delay
bet ween detection and discharge of water, due to the tine required to operate
the valve and fill the piping network with water.

To reduce the delay, the del uge
system may be pre-primed by providing
water in the piping network downstream
of the deluge valve. To prevent the
wat er from escaping fromthe open
sprinklers, pre-prime plugs (Figure
4-24) are placed on the sprinklers.
The caps bl ow off the sprinklers at
approximately 20 psi, after the deluge
val ve opens and allows the high
pressure water to enter the system

FI GURE 4-24
SPRI NKLER PRE- PRI ME PLUGS

4.1.2.5 Pre-Action Systens. A pre-action systemdiffers froma

del uge sprinkler systemonly in that it has normally cl osed automatic
sprinklers. Wen the fire detecting device is actuated, the water contro
val ve opens and admts water to the piping system The system then acts the
same as a wet pipe system individual sprinklers are operated by heat. The
advantage of the pre-action systemis that the probability of inadvertent
wat er discharge is mnimzed since both operation of the detection system and
automatic sprinklers is necessary to effect discharge

Cccasional ly, pre-action systenms are incorrectly referred to as dry pipe
sprinkler systems. \Wile it is true that the pre-action system piping does
not contain water, the termdry pipe systemrefers to the type of sprinkler
system and the type of water control valve which operates this sprinkler
system Actually a pre-action systemuses a deluge valve or a modified dry
pi pe valve for operation of the sprinkler system Since automatic sprinklers
are used on the piping network, the term“pre-action systenf was coined to
describe this type of sprinkler system There are two types of pre-action
sprinkler system  supervised and unsupervised

A supervised pre-action systemhas air introduced into the system piping
at a pressure of approximately 5 psi. This slight air pressure on the system
pi ping “supervises” the piping to detect |eaks. The pressure swtches used
for detection of low air pressure on the “supervised” system should record in
“inches of water” rather than “pounds per square inch.” An unsupervised
pre-action system is not nonitored continuously.
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4.1.2.6 Conmbined System A conbined system (Figure 4-25) is a
speci al purpose arrangenent using two nodified dry pipe valves connected to
tripping devices and piped in parallel to supply water to the sane sprinkler
system  The piping network is filled with air under pressure. \Wen a fire is
detected, an exhauster at the end of the system opens and rel eases the air
within the system The system then operates the same as a preaction system
However, if the detection system fails, the conbined system acts the same as a
dry pipe systemand allows water to be admitted to the system when sprinklers
open and discharge the air in the piping network.

TUBING OR WIRING TO FIRE DETECTION SYSTEM
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FI GURE 4-25
COVBI NED SYSTEM HEADER ARRANGEMENT

4.1.2.7 Rapid Reaction Water Suppression Systems. In sone cases, it
may be necessary to get water to an area in less than one second (for exanple,
areas where rocket and ammunition propellants are stored and handl ed).
Basically there are two types of rapid reaction water suppression systens: (1)
an expl osive operated deluge valve, or (2) a pilot operated nozzle system

. Expl osive Operated Deluge Valve. The explosive operated deluge valve
(Figure 4-26) links the clapper latch in the deluge valve directly to
an explosive device, called a squib. Wen a fire is detected, the
squib fires and unlatches the clapper, allow ng the instantaneous
flow of water. These systems usually use the “pre-prining” technique
so that water is discharged from the nozzles alnost as soon as the
expl osive squib is fired.
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. Pilot Operated Nozzle System In the pilot operated nozzle system
(Figure 4-27), the nozzles are attached to a piping network
constantly filled with pressurized water. The nozzles are kept
cl osed by a poppet obstructing the waterway between the piping
network and the nozzle orifice. Upon fire detection, the pressure in
the pilot line is released by the actuation of a solenoid valve. The
wat er pressure in the piping network pushes the poppet back and
allows the water to imediately flow through the nozzle.
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PI LOT OPERATED NOZZLE SYSTEM (AUTOVATI C SPRI NKLER PI LOTEX)

4.1.2.8 Residential Sprinkler Systenms. Residential Sprinkler systens
are designed and installed in accordance with the National Fire Protection
Association’s Standard for the Installation of Sprinkler Systens in One-and
Two-Fami |y Dwellings and Mbile Honmes (NFPA 13D). Unlike other sprinkler
systens, the design objective of residential sprinkler systens is to

extinguish a fire with a mniml supply of water. In order to acconplish this
objective, the stardard sprinkler head had to be nodified to respond nore
quickly (while the fire was still small) and distribute water around the edges

of a room  Another hardware change brought on by a desire to reduce the cost
of a system was the use of plastic pipe, described in section 4.1.3.

4.1.3 Piping Materials. The two npst common piping materials used in
sprinkler systens are steel and copper. Either schedule 10 (thin-wall) or
schedul e 40 steel pipe is used. Copper pipe should be joined with a | ow | ead
content solder, where permtted, especially if the sprinkler systemis
connected to the domestic water supply.

4-19



In recent years, plastic pipe has been devel oped for sprinkler system
applications . Both polybutylene (PB) and post-chlorinated polyvinylchloride
(CPVC) pipe have been listed for use in sprinkler systems. Currently, plastic
pipe is only accepted for wet pipe systens. PB pipe is joined by heat-fushion
tool and is relatively flexible. CPVC pipe is glued together and is fairly
rigid. It is inportant that plastic pipe be supported at regular intervals,
just like netallic pipe. Only hangers explicitly for plastic pipe should be
used. Special schedules are available for hanger spacing for the CPVC and PB

pi pe.

4.1.4 Local Alarms for Sprinkler Systems. Sprinkler systens which are
installed in accordance with the National Fire Protection Association’s
Standard for the Installation of Sprinkler Systens (NFPA No. 13) have a | ocal
alarmat the riser. They may also have alarns connected to a building or base
alarm system as described in Chapters 2 and 3. There are two types of |ocal
alarms, water notor alarms and electric alarm bell.

o \Water Mtor Alarm A water notor alarm (Figure 4-28) is a
hydr omechani cal al arm made of a water-powered nmotor, a striker, and a
gong cover. \When water flows in the sprinkler system part of the
water is diverted fromthe alarmvalve or dry pipe valve through the
wat er motor which causes the striker to clang the gong. The alarm
continues to sound as long as water is flow ng through the sprinkler
system  The alarm may be shut off by closing the alarm control valve
| ocated in the piping between the alarm or dry pipe valve and the
water motor alarm

. Electric Alarm Bell. An electric alarmbell is actuated by a circuit
closer in the formof a waterflow vane switch or a waterflow pressure
switch. For more discussion on the actuator, see Chapters 2 and 3.
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4.2 STANDPI PE SYSTEMS.  Standpi pe systems provide water for fire hose use

4.2.1 Cassification of Standpipe Systems. Standpipe systems are
classified by type of use according to NFPA Standard 14, “Standpi pe and Hose
Systens.”

. Cass | Systenms (2-1/2-inch hose connections) are for use by fire
department personnel and others who are trained in handling heavy
fire streans.

. Cass Il Systems (1-1/2-inch hose connections) are primarily intended
for use by the building occupants.

. Class Il Systens have both large (2-1/2-inch) outlets and smal
(1-1/2-inch) outlets and are for use by both fire departnent
personnel and building occupants. This multiple use system can have
both a | arge hose connection and a snall hose connection or a large
(2-1/2-inch) hose connection with an easily renovable 2-1/2 by
-1/2-inch adapter attached to the large hose connection.

4.2.2 Types of Standpipe Systenms. Standpipe systens nay be wet, dry, or
conbi ned. Wet standpi pe systens are continuously supplied with water at every
hose valve. Dry standpipe systens normally do not contain water. Typica
arrangements of dry standpi pe systens include

e« A systemcontrolled by a normally cl osed val ve which nust be opened
manual | y.

. A system controlled by a dry pipe or deluge valve. This system has a
delay in obtaining water because of the tine required to expel the
air fromthe system before the dry pipe valve will trip. Aso, if
hose is attached to the hose outlet kinks in the hose can increase
the time delay. A deluge valve reduces the time delay but requires
some nethod of remote control actuation.

e A systemwth standpipes not connected to a water supply at all. A
fire department connection (sianese connection) at the base of the
standpipe is “charged” by connecting |arge (2-1\2-inch) hose froma
fire hydrant or fire truck, supplying the standpipe system

. Combi ned sprinkler and standpipe systens are those in which the
pi ping serves both sprinklers and hose outlets

4.3 WATER SUPPLIES FOR SPRINKLER AND STANDPI PE SYSTEMS. Water supplies which
serve sprinkler and standpi pe systens nust be adequate and reliable. To
determine the anount of water necessary for sprinkler and standpi pe systemns,
the rate of flow and pressure needed for the effective performance nmust be
known. If it is likely that additional fire hose streans from outside the
building will be required, these should also be included. The combination of
wat er needed for sprinkler and standpi pe systens and for outside hoses is the
fire flow demand.

An adequate systemis one which can deliver the required fire flow for a
specified time with donestic water consunption at the maxinum rate. To be
reliable, the system nust also be able to deliver the fire flow denmand under
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certain energency conditions, such as a supply main or punp being out of
service. The desired reliability of the systemw || depend upon the nature of
the protected structure (people, property or nmission).

Distribution systenms transmit the water fromits supply to point of use.
The distribution systens consist of pipes and other accessories for the
control of the water within the pipes. Water may be supplied by public or
base sources, water tanks, or fire punps.

4.3.1 Public (or Base) Water Supplies. The nost common type of water
supply is fromthe public (or base) water distribution system These systens
supply domestic water in addition to water for fire protection purposes.

4.3.1.1 Fire Hydrants. The npbst conmon conponent for fire protection
purposes is the fire hydrant. There are two types of fire hydrants in general
use today.

. Dry barrel, or base valve, hydrants (Figure 4-29) are the nost
common. These hydrants have the control -val ve below the frost |ine
and between the foot piece and the barrel of the hydrant. Such
hydrants are also known as a “frost proof” hydrant.

« Wt barrel hydrants (Figure 4-30) are sonmetinmes used when there is no
danger of freezing weather. Wt barrel hydrants usually have a
conpression-type valve at each outlet to control the flow of water.
Some ot her types have one control valve in the bonnet which controls
the water to all of the outlets.
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4.3.1.2 Fire Department Connections. Sprinkler and standpi pe systens
supplied by public (or base) water systems are equipped with fire departnent
connections (Figure 4-31) which allow the fire departnent to increase the
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pressure in the sprinkler or standpipe system

This is done by connecting the

suction line of a punper fire truck to a fire hydrant and connecting two or
nmore 2-1/2-inch diameter discharge lines fromthe punper truck to the fire

department connection

4.3.2 \Water Tanks.
Preferably, water tanks used for
sprinkler and standpipe systens
are not used for other purposes
The frequent filling of a tank
whi ch is necessary when water is
used for other purposes produces
numerous effects to increase
mai ntence requirenments.  For
exanpl e, sedi nent may accumul ate
in the bottom of the tank. Wen
water is drawn fromthe bottom of
the tank, the sedinent may also be
drawn into the sprinkler and
st andpi pe systems and cause
obstructions to the fire
protection equipnent.

4.3.2.1 Types of Water

Tanks.  There are three main types
of water tanks.

. Gavity Tanks.

or steel and are elevated
installed directly on a building roof.

FI GURE 4-31
FI RE DEPARTMENT CONNECTI ON

Gavity tanks (Figure 4-32) are usually made of wood
I n some cases

gravity tanks are
Gavity tanks provide

dependabl e pressurization of fire protection systens since the
pressure is provided by the elevation difference between the tank

height and the height of

. Suction Tanks.

the fire protection system

Suction tanks (Figure 4-33) are usually stee

al though occasionally they are nmade of concrete or a rubberized

fabric.
prepared excavation

Rubberized fabric tanks are supported by a specially
earthen berm or

bot h. Suction tanks are used

to store water to provide a reliable source of water for fire punps,

. Pressure Tanks.

and are normally kept one-half or

Pressure tanks (Figure 4-34) are used to supply
water for limted fire protection purposes
two-thirds ful
pressure inside the tank is supplied by an air conpressor.

They are nmade of stee
of water. Air
The air

pressure in the tank forces water out to the sprinkler systemin the

event of fire.
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. Perforated plate or screened finia vent
. Stub overflow pipe

Hot-water tee outlet at one-third depth
Tank bottom

Heater-pipe brace

Ladder bracket

Ladder in riser

Thermometer

. Manhole

. Inlet and discharge pipe
. Grout under riser base plate
. C. |. base elbow

Roof hatch with hinged cover and catch to keep

Fixed-type outside ladder
Inside ladder

Steel riser

Pipe support

Hot-water circulating pipe
W. |. condensing pipe
Hot-water pipe

Heater connection
Condensate outlet

Steam inlet
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1. Roof access ladder
2. Access tube

3. Manholes

4. Platform

5. Supporting pedestal
6. Insulated riser pipe

7. Overflow pipe

8. Gate vave (0OS&Y)

9. Expansion joint

10. Roof manholes with rainproof doors
11. High-water line

12. Tank-access ladder

13. Hot-water tee outlet at one-third depth
14. Low-water line

15. Painters ring

16. Gate valve (0S&Y)

17. Ladder

18. Insulated heater pipe

19. Condensate ceiling

20. Gate valve (0S&Y)

21. Heat exchanger

22. Door (optional)

23. Thermometer

24. Base elbow

25. Vave pit

FI GURE 4-32
GRAVITY TANKS
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4.3.2.2 Methods of Heating.
Adequate heating is needed in tanks to
prevent the water from freezing. The
i nportance of heating ranks second
only to structural design of the
tank. The water in the tanks should
be maintained at 42 to 50°F. Heating
wat er hi gher than 50°F requires too
much fuel. A so, water heated to
100°F can danage wooden tanks and the
paint on some steel tanks. \ater has
its maxinum density at 39.2°F. \When
the water falls below 39.2°F, a water
i nversion causes the warner water to
settle to the bottomof the tank and
the colder water to rise. There are
several nmethods of heating water.

1.Approved pump suction tank
« Gavity Grculation. Gavity 2. Screened vent

L 3. Stub overflow pipe
(F| gure 4- 35) draWS COI d 4. Steam coil for heating
water fromthe tank di schar ge 5. Extra-heavy couplings welded to tank bottom

. . 6. Vortex plate
pr pe or | ow pol nt of a 7. Wartertight lead slip joint
suction tank. The w thdrawn 8. Flashing around tank
. 9. Round manhole with cover

water 1s passed throth a 10. Concrete ring wall
heat er. The heated water 11. Sand or concrete pad (depending upon soil condi-
th . tions)

en naturally rises through 12. Valve pit
a separ ate hot water p1 pe 13. Drain pipe
. 14. Ladder
into the tank. To be 15. Drain cock, 1/2 in.

effective, gravity circulation 16. Valve-pit drain
heating equi pment must be

located at or near the base FI GURE 4-33
of the tank being heated. SUCTI ON TANK

An accurate thernonmeter or tenperature recording device nmust be | ocated on
the cold water pipe and the tenperature nonitored closely to prevent freezing
the water. Electrical tenperature supervision of the tank may also be
provi ded.

. Forced Circulation. Forced circulation heating systems use an
electric notor driven punp to circulate the heated water. Heating
equi pnent can be remote from the tank (Figure 4-36). A reliable
electric supply is required for the circulation punp.

o Vertical Radiator. Vertical radiator heaters (Figure 4-37) are used
for heating water in elevated tanks with large steel plate risers.
The radiator element. is inside a sleeve. Cold water enters the
bottom of the sleeve, is heated by the radiator, rises, and
di scharges into the tank.

« Direct Discharge of Steam Direct discharge of steamuses a steam
l'ine which enters the tank through the bottom and extends above the
water level of the tank, turns, and then discharges steamdirectly
into the water three to four feet below the normal fire service
level. A check valve and air vent at the top of the steamline
prevent water in the tank from siphoning back down the steam |ine.
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. Steam Coil Inside Tanks. Steamcoils are not suitable for elevated
t anks because of the inconvenience of observing the water
tenperature. Steam coils can be used on suction tanks with flat
bottoms (Figure 4-33). The steamcoil nust be submerged continuously
and substantially supported at |east 1 foot above the bottom of the
tank. The coil must be installed in the tank so it is pitched to
drain and it nust have steam pressure of at least 10 psi.
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. Air-supply pipe, at least 1 in. in diameter

. Globe valve

Air-pressure gage

. Vent pipe, 3/4 in. in diameter

Brass plug

Water-1evel gage; valves normally shut

- Drain pipe, at least 1-1/2 in. in diameter

. Discharge pipe

. Water-supply pipe, at least 1-1/2 in. in diameter. A 1-1/2-in. or larger brass relief valve (not shown) to be located
between check valve and source of water

10. Pipe to water-level gage, 3/4 in.

11. Reducing tee

12. Nipple
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FI GURE 4-34
PRESSURE TANK
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1. Steel gravity tank

2. Hot-water outlet

3. Outer pipe

4. Brace rods, at least 1/2 in. in diameter and not more
than 25 ft apart

5. Largc steel-plate riser

6. Hot-water circulating pipe

7. Mannhole cover

8. Hollow-center pier

9Welded connection

10. Watertight joint

11. Four-elbow joint

12. Drain pipe

13. Thermometer

14. Drain cock, 1/2 in.

15. Condensate return

16. Steam-supply pipe

17. Conduit for steam pipes and connection from mercury

gage . . ]
18. Cold-water circulating pipe
[9. Pipe from mercury gage
20. Steam trap

FI GURE 4-35
GRAVI TY CI RCULATI ON TANK HEATI NG SYSTEM

Direct-Fired Heaters. Steel suction tanks can be heated by oil or
gas fired heaters, discharging directly into an open pipe which
extends into the tank near the bottom  The heated water surrounding
the pipe continuously rises to the surface, heating the col der

water. A thernostat nust be near the bottom of the tank, away from
the heating pipe, to insure adequate heating of all the water.
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WIRING DIAGRAM
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CONTROLS

[
1. Steel gravity tank . 10. Four-elbow swing joint
2. Hot-water outlet - 11, Cold-water circulating pipe
3, Large stecel-plate riser 12, Atmospheric thermostat (actuates circulating pump)
4, Thermometer 13, Water-temperature  sensing  device  (actuates  heat
5. Discharge-pipe protective cover plate source)
6. Outer pipe 14. Cold-water thermometer
7. Hot-water cireulating pipe 15. Drain valve
8. Welded connection 16. ASME-rated pressure-relief valve
9. Pipe from mercury gage 17. Water-circulating pump

FI GURE 4- 36

FORCED Cl RCULATI ON TANK HEATING SYSTEM

4.3.2.3 Corrosion Protection. Corrosion is caused by the flow of
ionic currents fromnunmerous anodic areas through the electrolyte to cathodic
areas on the tank shell. Corrosion is seen as rust and pits which formon
steel surfaces. Al interior surfaces of steel tanks are subject to
corrosion. To inpede corrosion, the interior surfaces are painted. The
degree of corrosion depends on the quality of the paint coating, the
characteristics of the water, and environnental factors. An econom cal and
effective alternate to frequent interior repainting is cathodic protection.
Cat hodi ¢ protection counteracts corrosion by passing sufficient direct current
from an outside power source, through anodes suspended in the water, to the
tank shell.
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4.3.3 Fire Punps. Often the flow and
pressure requirements of sprinkler and
st andpi pe systens exceed the capabilities
of the public or base water supply system
In these instances, fire punps are comonly
used to satisfy these higher pressure
requirenents. Cenerally two types of fire
punps are used to supply sprinkler and
standpi pe systems. They are either the
hori zontal shaft centrifugal type or the
vertical shaft turbine type

. The centrifugal type punp (Figure
4-38) is used where the suction
source is available under pressure
to the fire pump unit; for
instance, from the public or base
water mains or froma grade |evel
t ank.

. The vertical turbine punp is used
where the supply source is bel ow
the punping unit; for instance
from a pond or underground
reservoir (Figure 4-39).

Fire punps are required to nmeet a
characteristic curve to be “listed” or
“approved” for fire protection service
The punmp nust be able to deliver rated flow
at rated pressure when operating at rated
speed. The unit nust also be able to
deliver 150% of rated flow at 65% of rated
pressure and produce a maxi mum pressure at
shut-off (no flow) at 120% of rated
pressure for centrifugal punps and 140% of
rated pressure for vertical turbine punps
(Figure 4-40). Fire punps may be single
stage or nultiple stage. Miltiple stage
punps are for high pressure denands.

A fire punp unit is an assenbled unit
consisting of a fire punp, isdriver, a
controller (notor starter), and
accessories. The typical accessories
are described bel ow.

e Circulation Relief Valve. Wen
punps are operating against a closed head,
the water in the punp casing heats up and
coul d physically damage the fire pump. To
prevent the water from overheating, a
3/4-inch circulation relief valve is
provided to allow enough water to be wasted
and replenished to prevent overheating.
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. Steel gravity tank

. Tlot-water outlet

. Extension above sleeve

. Brace rods, at least '2 in. in diameter, not more than
25 ft apart

. Large steel-plate riser

. Thermometer

. Sleeve around radiator clement

. Condensing chamber closed at top
. Steam pipe open at top

. Flashed joint

. Vent or stack

. Apron

. Thimbhie

. Temperature-sensing clement for automatic control of
boiler when desired.  Locate at least | ft away from
heater

. Air vent

. Stcam-supply pipe

. Intra-heavy coupling welded to plate
. Four-elbow swing joint

. Damper if needed

. Noncombustible beater house

. Discharge pipe

. Mercury gage

. Hartford pipe loop

. Manhole cover

. Welded connection

. Drain holes, 3 . in diameter

. Hallow-center pier and valve pit

8. Condensate return

. Drain pipe

. Drain cock, ' in.

. Tron grating

. Calking where pipes pass through sleeves in concrete

floor

FI GURE 4-37
VERTI CAL RADI ATOR TANK
HEATI NG SYSTEM
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. Suggested size of pump room for one pump 12 by 16 by 10 ft high. Larger rooms for multiple-pump installations.
Walls of noncombustible construction: brick, tile, concrete, or corrugated ashestos on sleel frame tast suitable only
where climate makes heating unnecessary).  Floor of concrete

Noncombustible roof: otherwise install sprinklers

Trash rack, ¥2-in. flat or *i-in. round steel bars spaced 2 to 3 in. apart

Roof hatch

Solenoid oil valve; oils line-shaft bearings

Discharge gage

. Automatic air rclease

. Pressure-relicf valve, waste cone, and waste pipe

. Discharge check valve

. Discharge OS&Y valve

. Discharge pipe

. When gasoline engine is driver, fuel tank outside pump reom in <and-filled masonry or concrete enclosure

. Hose-connection OS&Y vaive

. Ball drip

-
PR NPU

. Detachable hose header and hose valves
FIGURE 4-39
VERTICAL SHAFT TURBINE FIRE PUMP INSTALLATION
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CHARACTERI STI C CURVES OF HORI ZONTAL
VERTI CAL SHAFT FI RE PUMPS

Pressure Relief Valve. Fire punps powered by variable speed drivers
or where the discharge pressure may exceed the working pressure of
the pipe fittings in the systemare equipped with a pressure relief
valve (Figure 4-38). This valve allows pressure to be bled off the
system when it reaches the “set” point of the valve. Typically this
set point is adjusted to a pressure slightly bel ow nmaxi num achi evabl e
pressure of the punmp or bel ow the working pressure of the pipe
fittings. This allows the relief valve to operate each tinme the punp
is started and prevent it from sticking closed

Testing Devices. Punps are arranged for testing to determ ne
periodically, that the punp is capable of producing rated quantity at
rated pressure.

Two different types of testing devices are available for use on punps.

Hose Header. The hose header (Figure 4-38) is a cast iron head which
has between two and eight 2-1/2-inch hose valves attached to it, wth
one 2-1/2-inch hose valve for each 250 gpm of punp capacity. Lengths
of 2-1/2-inch fire hose are attached to the valves; nozzles (called
pl aypi pes) are placed on the hoses. The playpi pe has a standard bore
of 1-3/4-inches and a renmovable tip with a bore of |-1/8-inches.
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Testing with this type of arrangement is usually acconplished by
placing a pitot tube (Figure 4-41) with gauge into the flow ng stream
of water and recording the pressure. This pressure is the velocity
pressure of the water, which is convertible to gallons per mnute by
charts or the formla:

Q = 29.83 cd2 {p

wher e: water flow rate in gpm
coefficient of discharge
of the nozzle

orifice diameter in inches
pressure recorded on the

pitot gauge in psi

. Flow Meters. Flow neters (Figure 4-42)
directly measure the flow of water frorrv @j——_—)
the pump in gallons per minute. The S
inlet to these devices is connected to Fl GURE 4-41
the punp discharge piping and provided Pl TOT TUBE
with a calibrated neter. The nmeters nay
be orifice plate or venturidesign. In
both cases, the differential pressure across the restriction js
measured and then converted to gallons per minute. The meters are
calibrated at the factory and no field adjustnents are needed.

T 2 00
I

Opt. Auto
Air Relief
Pumo T Valve System Isolation Gate Valve
ump Jest Open Full F
Control Gate Valve Flow (Op °f Test

\a r—Element

I 183 2°ﬂ!r\ ‘wT

TO DRAIN **

FI GURE 4-42
FLOW METER | NSTALLATI ON
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4,.3.3.1 Horizontal Split-Case Centrifugal Punp. Horizontal
split-case centrifugal punps (Figure 4-43) are the nost common type. They are
characterized by easy accessibility to all working parts, rugged construction,
liberal water passages, anmple strength in all working parts, and havi n?
corrosion-resistant material for working parts exposed to corrosion. n these
punps, waterflow fromthe suction inlet in the casing divides and enters the
center of the inpeller from each side through an opening called the “eye.
Rotation of the inpeller drives the water by centrifugal force fromthe eye to
the rim and through the casing volute to the discharge outlet.
centrifugal punps are arranged for automatic or renmote control, they are
usual Iy provided with an automatic air rel ease which prevents air from
becom ng entrained in the water and causing damage to the punp.

PUMP HALF
COUPLING

OUTBOARD —A o\ T PR

BEARING "‘ ; £

HOUSINGS ‘“/ (g Q
gl

SHAFT —m888 ME
=" e - '

LOWER CASE
r
.) §

STUFFING BOX

IMPELLER

FI GURE 4-43
HORI ZONTAL SPLI T- CASE CENTRI FUGAL FI RE PUNVP
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4.3.3.2 Vertical Shaft Turbine Punp. A vertical shaft fire punp
(Figure 4-44) consists of a notor head or right-angle gear drive, a colum
pi pe and discharge fitting, an automatic air release, a drive shaft which nay
be open or enclosed, a bow assenbly (where the inpellers are |ocated), and a
suction strainer. The vertical turbine punps have their inpellers suspended
fromthe punp head by a vertical shaft within a colum pipe, which also serves
as a support for the line bearings. The columm pipe containing the punp shaft
and inpellers is subnerged in the suction water supply. The water pressure is
el evated fromone inpeller to another and finally discharged fromthe punp
outlet. Typically, a vertical turbine pump is powered by an electric notor
mounted on top of the punp with the shaft of the motor vertically aligned.
When using an internal combustion engine or a steamturbine driver, a
right-angle gear drive is used to transmt power fromthe engine to the punp.

4.3.3.3 Drivers and Controllers. The nost common nethod of providing
power to a fire punp is through an induction type AC electric nmotor (Figure
4-45) which operates at voltages less than 600 volts. However, in sone
installations, direct current motors of the stabilized shunt type or
cunul ati ve conmpound-wound type, or notors which operate at higher voltages
than 600 volts, are used. Mtors which operate at vol tages higher than 600
volts introduce problenms of personnel hazard, higher cost, and nore
conplicated installation procedures. Motor controllers (Figure 4-46) for fire
punp service are conpletely assenbled in a self-supporting nonconbustible
structure. The controllers are arranged to start the fire punp nanual ly, or
automatically by a drop in water pressure or waterflow.

El ectrical power supplies to fire punp nmotors and controllers shoul d be
arranged so that they are reliable and so that any outages which nay occur are
only nonmentary. Energency power to fire punps nay be provi ded by an energency
generator with a transfer switch to switch the controller to the generator
when an interruption occurs to the primry supply. (Using a generator is
expensive. Internal conbustion engine drivers are often enployed.)

Engi ne drives (Figure 4-47) are usually provided when electrical power
sources are unreliable or when the fire punp is for standby supplenenta
service. Engi nes powered by diesel fuel, gasoline, liquified petroleum gas,
and natural gas may be in use for fire punp installations. However, only
di esel engine drivers are acceptable in new installations. To prevent the
engine from overheating, a closed pipe systemw th a heat exchanger is usually
used for cooling. Typically, this cooling systemis arranged to take water
for cooling fromthe downstream side of the fire punp prior to the punp
discharge valve (Figure 4-48). The exhaust fromthe engine nust be piped to a
safe point outside the punp room where personnel or property will not be
endanger ed.

Fire punp engines should have a fuel supply sufficient for the engine to
run for 8 hours. Engines use approximtely 1 pint of fuel per horsepower per
hour. The arrangenent for a diesel engine fuel systemis shown in Figure 4-49.
The starters for internal combustion engines are powered frombatteries. It is
inmportant to keep the batteries at full charge continuously. There are two
means of recharging the batteries: one is by the alternator or generator on
the engine, and the other is typically by a battery charger located in the
controller.
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FI GURE 4-44

1 NONREVERSE RATCHET
prevents backspin when the
power is turned off.

2 THRUST BEARING carries
the weight of the shafting, im-
pellers and hydraulic down-
thrust. Angular contact design,
3 VERTICAL HOLLOW SHAFT
motor or right angle gear drive
is register aligned with the dis-
charge head.

4 SHAFTING is high tensile
steel and precision straight-
ened. The head shaft is stain-
less steel,

5 STUFFING BOX seals off
leakage around the shaft. Graph-
ited asbestos packing is com-
pressed around the shaft by an
adjustable gland. A lantern ring
relieves pump pressure back to
the suction.

6 SURFACE DISCHARGE
HEAD supports the column.
shafting and pump assembly.

7 STEEL DISCHARGE COL-
UMN pipe ends are machine
faced to provide a butt fit be-
tween pipe sections.

8 LINE SHAFT BEARING AS-
SEMBLY includes a cast bronze
bearing retainer, fluted neo-
prene bearing and a stainless
steel sleeve for long life.

9 STAINLESS STEEL PUMP
SHAFT Medart polished and
precision straightened.

10 BOWL BEARINGS in tan.
dem provide a combination of
bronze and the abrasion-resist-
ance of neoprene.

11 BOWL WEAR RING pre-
vents wear on the bowl.

12 INTERMEDIATE BOWLS
maintain maximum efficiency
and eliminate radial loads. Vit-
reous enamel linings available.
13 ENCLOSED BRONZE M-
PELLER is precision cast and
statically balanced.

14 TAPERED IMPELLER COL-
LET securely locks the impeller
to the pump shaft.

15 PERIHEDRAL SEAL com-
bines vertical cylindrical and
horizontal surface impeller seal-
ing for maximum efficiency.

16 SUCTION CASE BEARING
is bronze and a minimum of five
shaft diameters in length to
stabilize the pump shaft,

17 BASKET STRAINER con-
structed of heavy gauge brass
prevents clogging. A brass cone
strainer is provided on deep
well type pump installations

VERTI CAL SHAFT TURBINE FI RE PUWP
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FI GURE 4-46
FIRE PUMP MOTCR CONTROLLER

FI GURE 4-48
ENG NE COOLI NG WATER ARRANGEMENT

FI GURE 4-45

ELECTRIC MOTOR DRI VEN FI RE PUMP

FI GURE 4-47
ENG NE DRI VEN FI RE PUMP

- T Screrned weather vent
10" M,
o4 Filt cap, outsile {1/16” mesh hl':::::’
remuvable wite screen)
” Fuel retarn 1t
(Fuel return (anp may be |
| 5% Volume necessary for sume engines)
! | for expansion Check '
Y valve
11 Storage tank Flexible
1§ (ureterably inside
Depthof 4} v roarm) !
ting fuel ' Manual cack valve, tacked open
return hine _’| I juv central station supervised
:cf(';,‘:f",'::l 15% Volume for sump|eley —— .42 Fuet pump center fme

manutacturer's 7 Drain valve when not

speciiications subject to freezing

” Drain plug when subject
to heesing

|
to engine *4 =—Putch """ per fuat 11Fuel ine protection ,
t e e

(where necded)

“Secandary Diter betund o befnre enging fuek pump

.__

Mounted on engine by
manufacturer

" Condensate dram

Engme

—A'ri Fuel suj.ply
anuyl A
Ngsl

Condensate drain

TE w1 081 furl niay he returned 1o fael wipgly pump suction,

onhing 16 engine manutaclurer's ecfication o by engune

11Si2e of fuel piping accoring to engine manulaciurer’s

wecihications.

FI GURE 4-49

FUEL SYSTEM FOR DI ESEL ENG NE

DRI VEN FI RE PUWP
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Controllers for internal combustion engines (Figure 4-50) are simlar to
controllers for electric nmotor driven fire punps in construction, electric
wiring, and nethods of actuation. They differ in the warning si gnal s provided
for the following malfunctions; failure to start, overheated engine (above
190°F), low oil pressure, and overspeed.

Individual Voltmeters
and Ammeters for
Each Battery { OptionB or R )

Local Trouble Alarm
Battery Failure

Reset Push Button

Stop Push Button

Pump House
Alarm Silence Switch
( Option O )

Relays for Individual

Remote Signals (Option 7)
Wiring Diagram

Dual Battery Charger
{ Option B or R )

Adjustable Solid State
_M———— Sequence Start Timer
) { Option9)

Centrally Located
Readout Type Signal Lights
Break Glass

Panel

Pressure Recorder

Water Pressure { Option 3)

Control Switch

Main Control
Selector Switch
Cabinet Lock

Manual Cranking
Push Button

! . i v Weekly Program Timer
Replacement : 5l
Parts List

= Autcmatic Stop —

RSTRUCTION MARUAL Timer { Option 1)

: o
instruction Manual gwasTER =
(Furnished with

Each Controller}

Solid State
Crank Cycle
Timer and Counter

Adjustable Solid State
A.C. Power Failure
Start Timer

Numbered Wiring Terminals
{ Option5 )

(Field Wiring)

FI GURE 4-50
| NTERNAL COMBUSTI ON ENG NE FI RE PUMP CONTROLLER
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If the engine experiences overheating or low oil pressure, an al arm sounds
but the engine continues to run until it is manually shut down or it
sel f-destructs. Automatic shutdown occurs on overspeed at a speed
approxi mately 15% above rated speed.

When adequate and reliable steam supplies are available, steamturbines
are acceptable for use as drivers for fire punps. Usually steam turbine
driven fire punps are nanually controlled. To be acceptable for fire punp
service, steamturbines nust be able to drive the punp at rated speed and
maxi mum punp | oad when steamis supplied at a mininmum pressure of 80 psi.
Tur bi nes designed to operate at |less than 80 psi are not acceptable for fire
punp service.

4.3.4 Control Valves. Control valves in distribution systens allow
portions of the systemto be shut off w thout interrupting water service over
a large area. Control valves can be nonindicating or indicating valves.

4.3.4.1 Nonindicating Control Valves. These valves are placed
underground and require a key wench for operation (Figure 4-51).

4.3.4.2 Indicating Control Valves. There are two main types of
i ndicating control valves-post indicator and outside screw and yoke (OS&Y).

. Post indicator valves (Figure 4-52) are placed underground and have a
post attached to themfor operation and for visually inspecting the
valve to see if it is open or shut. Post indicator valves are of the
gate or butterfly type.

FI GURE 4-51 FI GURE 4-52
KEY OPERATED CONTROL VALVE POST | NDI CATOR VALVES
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The gate valve type post indicator has a target attached to the
operating shaft inside the post. The target noves up and down as the
operating shaft turns. This device, however, does not directly
indicate the position of the gate valve. If the operating shaft
breaks or if the target is misaligned, the tar%et may give a false
indication of the position of the valve. The butterfly valve type
post indicator has an interior shaft inside the post attached
directly to the butterfly mechanismin the valve. The butterfly
valve target positively indicates if the valve is open, shut, or
partially open.

« CQutside screw and yoke gate valves indicate open or shut condition by
a threaded operating stemattached directly to the gate portion of
the valve (Figure 4-53). \Wen the stemis exposed beyond the hand
wheel , the valve is open.

Parts List
No.
Part Part Re- Material
No. q'd.
For Double Disc
1 Body 1 Castiron
2 Bonnet - 1 Castliron
3 Yoke 1 Castliron
4 Handwheel 1 Castliron
5| Gland 1 Castliron
6 Bronze
Bushed
7 SeatRing 2 Bronze
8 Bonnet — Steel
Bolts and
Nuts
9 Disc Ring 2 Bronze
10 Yoke 1 Bronze
Washer
11 Yoke 1 Bronze ;
Bushing N
12 Bonnet 1 Bronze &“‘ @
Bushing KA
13 Stem 1 Manganese Zh 3
Bronze -
14 Gland Bolts 2 Steel with —®
and Nuts Bronze Nuts @
15 Yoke Bolts 4 Steel ™ -~
and Nuts —~l
16 Spreader 2 Bronze % N ¥Q)
17 Disc 2 2%"and A
smaller, A \
solid Bronze; 7
3" and larger, %'E h ™~ \_’@
Cast Iron with i
15 Wheel Lock 1 Dronze rings maiii%%\ —(®
15 vwhneel LOCK 1 pronze
19 Bonnet 1 Asbestos
Gasket
20 Stuffing Box — Lubricated
Packing Flax

FI GURE 4-53
0S&Y GATE VALVE

4.3.5 Check Valves, Waterflow Meters, and Backfl ow Preventers. Check
val ves and backflow preventers allow water to flow only in a single, desired
direction.

4.3.5.1 Check Valves. Check valves use a clapper inside a housing to
allow water to flow in one direction. |If water pressure increases fromthe
opposite direction, the clapper closes and prevents flow
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. Swi ng Val ve.

A swing check valve (Figure 4-54) is the nost conmon

type of check valve. The clapper is installed in a valve body with a
pi vot point on one side. Water pressure fromthe upstream side of
the valve forces the clapper open allowing the water to pass through

the val ve.

In a no flow or reverse flow condition, the clapper

cl oses against the seat to prevent backflow

D" shaped Cast Iron Cover
has directional flow arrow
cast in. ‘D" shape assures

cover will always be as-
sembled to show correct

flaw diraction
110w Gifection.

Cover Bolts and Nuts are - =T R AR

electrogalvanized steel to
resist corrosion.

All internal parts can be
removed for inspection or
repair  without  removing
valve from line,

MNant lr on DAady: te annnratal
Udbl HUIl D Uy ID a Lulalcly
cast and machined toprovide
long and trouble free service

Hinge Pin, Hinge Plug and
Hinge Bushing are made
_~"from Brass and Bronze to

Accurately machined Bronze
" Seat Rin

a
NHig.

Disc available with either
rubber or Bronze seat.

"\ Ductile Iron Clapper Arm provides
long and trouble free service,

FI GURE 4-54
SWNG CHECK VALVE

« \Wafer Check Valve. A wafer check valve (Figure 4-55) has a split
clapper held in the closed position by springs on each half of the

cl apper.

. Doubl e Check Valves. A double check valve provides a higher degree
of positive shut-off against backflow  The double check valve is
essentially two swing check valves installed in series with a space
between the two clappers (Figure 4-56).

Normal |y, a swing check valve closes tightly. However, occasionally
| eakage can occur due to inproper nmintenance or obstructions in the water
lines which may hold the clapper open. In a double check valve arrangenent,

the probability that

both valves will leak at the same tine is renpte.
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Usual Iy an 18-inch space between the clappers is sufficient to prevent
materials in the waterpipe from holding both valves open. The greater the
space between the two valves, the less the chance they will both be blocked

open. If there is enough space, a 3- to 5-foot spacer can be placed between
the two val ves.

FI GURE 4-55
WAFER CHECK VALVE

4.3.5.2 Waterflow Meters. Waterfl ow
neters are used to neasure the anount of
wat er passing through them

iF BUILT IN ROADWAY, OPTIONAL .’"Y ORDER THIS
ggpngfuzgﬂcsgg o0 ROUND MANHOLE \y ‘i‘UDF',gg?‘;R“Qg:T
N\ AT LEAST 271N 3ia N . Detector Check. A detector check valve
TR KR (Figure 4-57) is a specialized check
: ot ] Lot F val ve assenbly to detect possible
‘ o T oo s | i | eakage or unauthorized use of water
YU e GAGE ¢ from sprinkler or standpipe systens.
seeve | T EO:L The detector includes a mainline check
L, ‘ i valve and a meter installed in a bypass
2R *;;;ﬂ around the valve. The check valve
won /LT e portion uses an internally weighted
e SuTrestomn | LwT st oman cl apper which remains closed until
PROVIDE SIPHON EJECTOR OR DRAIN— — FLOOR PITCHED TO DRAIN there iS a pr edet erm ned pr essure
FI GURE 4-56 loss . At lowflowrates, all water

DOUBLE CHECK VALVE | NSTALLATI ON flows through the bypass and is
registered by the neter. Wth nore
flow, the pressure loss increases until the |loss reaches the
predeternmined value to open the mainline valve. Wen the mainline
valve opens, a snall portion of the water continues to be registered
by the neter and the | arger portion of the water flows through the
mai nl i ne valve unnetered.

. Full Registration Meters. There are three different types of full
registration neters. These nmeters have been designed to produce only
a small friction loss which negligibly reduces the avail able water
pressure to the sprinkler systemwth l[arge flows.

Proportional Type. The proportional neter (Figure 4-58) is simlar
to a detector check in that a meter is installed in a bypass around
the mainline valve. For snall flows the operation is exactly the
same as a detector check.
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FI GURE 4-57 FI GURE 4-58

DETECTOR CHECK VALVE W TH METER PROPORTI ONAL TYPE FULL
I N BY- PASS REG STRATI ON WATER METER

Wien the nmainline valve opens, the water passing through the opening
is slightly restricted by an orifice i medi ately ahead of the
mainline valve. This orifice diverts a fixed percentage of the flow
through a nmeter which is calibrated to record total flow through the
line. The neter in the bypass continues to record waterflow after
the mainline valve has opened. To determine total flow the readings
on both nmeters are added together.

Di spl acenent  Type. The displacement neter (Figure 4-59) is simlar
to the proportional nmeter except all working parts are |ocated inside
one casing. Two neters are provided, one on each side of the main
wat erway. For small flows, the water is channeled through an
internal bypass and registered on one neter. Wth larger flows, the
mai nline valve opens, stopping the flow of water through the bypass
and the mainline neter registers the flow To determne total flow,
the readings on both neters are added together.

Turbo Type. The turbo neter (Figure 4-60) is conposed of two
assenblies in one casing. The first assenbly consists of

strai ghtening vanes to provide a snooth flow of water into the second
assenbly which is the measuring chanber. The measuring chamber
contains a rotor, an adjusting vane, a pulse anplifier, and a
terminal strip for attaching the connecting cable. As the rotor
turns, the pulse anplifier sends signals to the register. \Wen using
a turbo meter, it is necessary to provide either a strainer or a
strai ght piece of pipe (mnimmlength 15 pipe dianeters) i mediately
ahead of the waterflow meter to assure valid registration.
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MEASURING

ADJUSTING CHAMBER nss%ﬁgign
VANE ASSEMBLY
1 g, ,
g KSU_FACE PLATE
| ASSEMBLY
I
gj:z;on Am\m %
OF FLOW case ROTOR
Fl GURE 4- 59 FI GURE 4-60
TURBO TYPE FULL REQ STRATI ON
DI SPLACEMENT TYPE FULL WATER METER
REG STRATI ON WATER METER

4.3.5.3 Reduced Pressure Backflow Preventer. AArneducEed [es Vre
backfl ow preventer is simlar to a double check valve. automattcalty

operated pressure differential relief valve is installed between the two check
valves. In case of |eakage at either check valve, the relief valve maintains

the pressure between the two check val ves bel ow the supply pressure to prevent
backflow (Figure 4-61).

FI GURE 4-61
REDUCED PRESSURE BACKFLOW PREVENTER
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4.3.6 Automatic Pressure Regulating Valves. Automatic pressure regulating
val ves are used in water supply systens to keep tanks from overflow ng, reduce
pressures, and bleed of f enough water to prevent high pressures caused by
surges. The nmobre common types of pressure regul ating val ves are described in
the follow ng sections.

4.3.6.1 Float Valves. Float valves (Figure 4-62) are installed on
tanks to shut off the water supply when the water rises to a predeterni ned
level. The float can be adjusted to close the valve at the desired level in
the tank. The valve seats will beconme damaged if the valve is held partially
open for a long period of tine. A large float and float armis required with
hi gh pressure water supplies and ice and debris can interfere with val ve
operation

4.3.6.2 Altitude Valves. Altitude valves, like float valves, shut
off the water supply when it reaches a predetermned level. Atitude valves
are self contained, except for the pressure sensing lines. Two basic types
are avail able.

. Doubl e-Acting Altitude Valves. A double-acting altitude valve
(Figure 4-63) is usually installed on a tank where the supply
pressure at the valve inlet is subject to fluctuations. The valve
closes at the high water |evel and opens for return flow when
pressure at the valve inlet drops below the tank water pressure
created by the water |evel.

FI GURE 4-62 FI GURE 4-63
DI RECT ACTING LEVER OPERATED DOUBLE ACTI NG ALTI TUDE
FLOAT VALVE VALVE
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. Single-Acting Altitude Valve. A
single-acting altitude valve (Figure
4-64) is installed on a tank where the
supply pressure at the valve inlet is
constant and higher than the pressure
created by the maximum reservoir |eve

(head) . The valve closes when the
water in the tank reaches its high
water level. Water is withdrawn from

the tank through a separate discharge
line. \When the water |evel drops bel ow
the shut-off level, the single acting
altitude valve opens to refill the tank.

4.3.6.3 Pressure Reducing Valves.
Pressure-reducing valves (Figure 4-65)
throttle the flow of water in pipes to keep
the pressure at the discharge side constant,
regardless of the rate of flow and pressure
at the inlet. These valves are sonetines
used as altitude val ves. If a great
variation in the rate of flow is expected,
pressure-reducing valves of different sizes
may be installed in groups and adjusted so
they cone into operation from the smallest
to largest as the flow rate increases. This
causes only a slight variation in discharge
pressure between maxi mum and mi ni mum f | ow
rates. Some pressure-reducing valves can be
set too sensitively. Wen this happens, the

FI GURE 4-64 val ve reacts so rapidly that it causes a

SINGLE ACTING ALTI TUDE VALVE sur ge.

4.3.6.4 Pressure Relief Valves. Pressure-relief valves (Figure 4-66)
di scharge water from pi pes or systens when a nmaxi nrum desired pressure is
exceeded. They are installed on | ow pressure systens which are fed through
pressure-reduci ng val ves from high pressure supplies to prevent damage if the
pressure-reducing valves fail to operate correctly. These valves are also
used on fire punp headers. Relief valves are essentially pressure-reducing
val ves in which the control mechanismresponds to pressure on the inlet side
rather than the outlet end

FIGURE 4-66

FI GURE 4-65 i ™
PRESSURE REDUCI NG VALVE PRESSURE RELI EF VALVE
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CHAPTER 4.  SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
questi ons.

-1  The three basic conponents of a sprinkler system are:

Water control valve(s)
A pi pi ng network

A fire punp

A water supply

Sprinkl ers

oo - ®

-2 The part of a sprinkler which breaks up water into droplets is
called a deflector.

a. True b. False
-3 Sprinkler tenperature ratings are sonetinmes identified by the

color of the sprinkler frane. A blue franme signifies a tenpera-
ture rating of:

a. 165°F
h. 212°F
c. 220°F
d.  286°F

-4  An uncolored sprinkler signifies a tenperature rating of:

& 165°F
b. 212°F
c. 220°F
d.  286°F

4-5 The nost common type of sprinkler systemis a:

Dry pipe system

Lawn sprinkler system
Wt pipe system
Pre-action system

o0 oo

4-6  Water should never be allowed inside a dry pipe valve.
a. True b. False

A4-7 Adifferential dry pipe valve has a nomnal water to air ratio

of :

a 6:1
b. 3:1
C 8:1
d 2:1
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-10

Q- 11

Q- 12

4-13

- 14

-15

- 16

The device(s) used to speed the operation of a dry pipe valve is
called a:

a. Quickie

b.  Speedster

c. Accelerator
d. Exhauster

e. Bl eeder

Alowdifferential dry pipe valve is required to have an air
mai nt enance devi ce.

a. True h. False
An air check valve is simlar to a dry pipe valve
a. True b. False

In a pre-action sprinkler system all sprinklers operate at the
same time.

a. True h. False

A supervised pre-action sprinkler systemis one in which:

a. Afire alarmsystemis provided to signal that water is
flow ng

bh. The piping is filled with air to detect |eaks

¢c. The control valves are supervised to insure that they are
open

d. None of the above

A pre-action and a dry pipe sprinkler systemare the sane.

a. True h. False

A conbi ned systemuses two different types of extinguishing
agents.

a. True b. Fal se

Rapi d reaction fire suppression systens operate in times |ess
t han:

a. 1 second
b. 5 seconds
¢c. 10 seconds
d 1 mnute

The waternotor alarmhas a connection to an el ectrical power
supply to operate

a. True b. Fal se
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Q- 17

Q- 18

Q- 19

Q- 20

Q- 21

Q- 22

Q- 23

Q- 24

Q- 25

Q- 26

Class Il standpi pe systens are for fire departnment use with
2-1/2-inch hose.

a. True b. Fal se

Water supplies for sprinkler and standpi pe systens nust be
adequate and reliable.

a. True h. False
Wet barrel fire hydrants are used in areas subject to freezing
a. True h. False

Fire departnent connections are used by the fire departnent to
supply water for fire hose streans.

a. True h. False

Water tanks for fire service do not require heat.

a. True h. False

Corrosion in water tanks is usually first identified by rust.

a. True b. False

To prevent corrosion of water tanks:

a Chenical rust inhibitors are added to the water

b Tanks are painted regularly

¢c. Cathodic protection is used

d Tanks are heated

e. Al of the above

Multiple stage punps are suitable for fire service

a. True h. False

A circulation relief valve

a Prevents overpressurization of a fire punp

b. Prevents overcirculation to a fire punp

c Prevents overheating of a fire punp

d Prevents contamination of the water supply at a fire punp

A hose header is used for:

a. The fire department to connect hoses to in the event of a
fire

h. Testing fire punps

Drying fire hoses
¢c. Supplying automatic sprinklers in the event of a fire
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Q4-27 A pitot tube neasures:

Pressure

Pitots

Water quality

Water level in a tank

oo o @

4-28 Aright angle gear drive is used to transnit power from an
engine driver to a fire punp which is around the corner fromthe
driver.

a. True b. Fal se

@4-29 Controllers for engine drivers and electric drivers are
i nt er changeabl e.

a. True b. Fal se

&4-30 The minimm pressure at which a steamturbine may be operated in
order to be acceptable for fire punp service is

a. 50 ps

b. 80 psi
c. 100 psi
d. 125 ps

A&-31 A butterfly type post indicator valve directly indicates the
open position of the valve.

a. True h. False
4-32 Qutside screw and yoke val ves are
a. Located outside, underground, and require a key wench for
openi ng
. Used outside in conjunction with a post indicator
¢. Nonindicating
d. None of the above
- 33 Check valves are backflow preventers.
a. True h. Fal se
-34 Altitude valves prevent water tanks from overflow ng.
a. True h. False
4-35 The nost frequent cause of sprinkler systemfailures is:
| mproper design of the system
I ncreased hazard within the building
Cl osed water supply valves

Failure of fire punps
Frozen water tanks and sprinkler piping

P T &
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4-36 A heat-actuated device (HAD) operates on the principle that:

Heated ice nelts

Gases can be conpressed
Mercury is heavier than water
Heated air expands

2o o

-37 Mercury checks are provided to subdivide several HADs into snal
groups so that:

a. The location of the fire can be identified

bh. The pressure developed in a few HADs will not be absorbed by
ot her HADs

¢c. The installing contractor can justify additional noney for
the installation

d. None of the above

4-38 A conpensating vent of an HAD systemis provided to:

& Allow a tine delay on system actuation

b. Prevent odors from accunul ating

¢c. Prevent system actuation due to atnmospheric changes
d. Provide an air supply into the air tubing

4-38 Residential sprinkler systens include sprinkler

a. Heads which are faster responding with unique water distribution
characteristics

Pl astic pipe

Smal | di ameter pipe

d. Al of the above

o T
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CHAPTER 5. I NSPECTI ON, TESTING AND MAI NTENANCE OF
AUTOVATI C SPRI NKLER AND STANDPI PE SYSTEMS

5.1 GENERAL. Sprinkler and standpi pe systens, when properly installed, are an
effective neans of protecting |ife and property against fire. To insure the
reliability of these systems, periodic inspection and maintenance of the
i ndi vi dual components of the systens is required

I nspection for each major conponent of the fire protection system shoul d
include a visual inspection and, if practical, a test of the conponent to
assure its working condition. Regular service contracts with the nanufacturer
or installer are recomended. The frequency of the overall testing and
i nspection process is summarized in Table 5-1

As with all fire protection systens, be certain that sprinkler and
st andpi pe systens are restored to nornal operating condition after inspection
testing, and maintenance. The use of a maintenance log is suggested

5.2 AUTOVATI C SPRINKLERS. Inspection for automatic sprinklers consists of an
annual visual observation of the unit. The physical condition affects the
ability of the sprinkler to perform Review obstructions of the heat flow to
the sprinkler and of the proper water discharge pattern fromthe sprinkler

If inspection of sprinklers reveals danage, replace the affected
sprinklers. Sonetines, sprinklers need to be relocated or replaced. \Wen
removing or installing sprinklers always use a sprinkler wench. Oher
wrenches may danmage the sprinklers. Be certain that replacenent sprinklers
are of the sane style, orifice size, tenperature rating, coating, deflector
type and RTI unless an engineering eval uation dictates otherwi se. Upright and
pendent sprinklers are not to be interchanged.

The identification of hydraulically designed systens should be present at
the sprinkler riser. The identifying |abel should include the design basis
such as design pressure, area of operation and density.

Sone of the conditions that affect sprinklers and renedial actions are
. Mechani cal injury such as bent or |oose deflectors or bent frames.
Wiere subjected to continual damage, provide approved sprinkler
guards.

. Corrosion-marked discoloration or hard deposits. Use |ead-coated or
wax- coated sprinklers to prevent corrosion,

. Overheating-giving way of soldered joints and cracked quartz bul bs.
Temperature ratings for soldered link and quartz bulb sprinklers
should be 50°F and 25°F above normal room tenperature, respectively.

. Freezi ng-reduced tension in soldered |inks, bent struts, and
distorted caps. Replace sprinkler head

. Loadi ng-deposits of paint or other foreign materials. Were directly
exposed to such deposits, sprinklers should be replaced annually.
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TABLE 5-1

SUMMARY OF | NSPECTI ON AND TEST FREQUENCI ES FOR
SPRI NKLER AND STANDPI PE SYSTEMS

=

SN

© 0 N O

10.
11.
12.
13.

14.
15.
16.

17.
18.
19.

20.
21.
22.
23.
24.
25.

26.

27.

Item

Check general condition of sprinklers
and sprinkler systems

Conduct flow tests of open sprinklers
Conduct main drain tests
Test waterflow alarms

Check air and water pressure in dry
pipe systems

. Trip test dry pipe valves
. Drain low points in dry pipe system
. Trip test deluge and pre-action systems

. Trip test high speed suppression systems

Check condition of standpipe system
Perform waterflow tests from water mains
Check general condition of hydrants

Check general condition of fire
department connections

Check water levels in tanks
Check condition of water storage tanks

Check water level and air pressure
in pressure tanks

Check condition of pressure tanks
Check tank heating systems

Inspect and test cathodic protection
equipment

Start fire pumps

Check fuel sopply to engine drivers
Perform fire pump flow tests

Inspect and test controllers

Inspect control valves for open position

Conduct general preventive maintenance
inspection of valves

Inspect check valves, waterflow meters,
and backflow preventers

Test pressure regulating and altitude valves

Weekly

Bi-Monthly

Quarterly

X*

X*

Annually

X

EVERY 3 YR

* For Supervised system, inspection can be performed annually or during routine facility inspections,

whichever is more frequent.
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Maj or construction and occupancy changes, and changes to heating,
lighting, and air conditioning systens may require relocation or 10
repl acement of sprinklers or additions to the system  Changes in
sprinkler location and pipe sizes should be based upon an engi neering
eval uati on.

Protection of conmercial-type cooking equipment check sem-annually.
Repl ace the heads annually.

Stock piling-a clearance of at |east 18 inches under sprinklers is
necessary for proper water distribution.

Extra sprinklers-Keep a supply of extra sprinklers for the various
types and tenperature ratings required, and a sprinkler wench. Spare
sprinklers should be kept in a dry area, with a tenperature less than
100°F and not exposed to dust or corrosion. Refer to Table 5-2 for
gui dance on the nunber of spare sprinklers which should be available.

TABLE 5-2
SPARE SPRI NKLER SUPPLI ES
Total Nunber of Sprinklers M ni mum Nunber of
in Building Spare Sprinklers
1- 300 6
301 - 1000 12
1001 or More 24

5.3 QUTSIDE OPEN SPRINKLERS. Qutside open sprinklers are sonetines obstructed
by material in the orifice. Perform the follow ng annually.

Visually check general condition of sprinklers.

Cl ose wi ndows and doors and take proper precautions to avoid water
damage to property before flow tests.

Conduct flow tests by opening the control valve.

After flow tests, renove and clean plugged or obstructed sprinklers.

5.4 PIPING AND HANGERS. I nspect piping and hangers annually for the follow ng:

Mechanical injury and corrosion. Replace bent or damaged piping and
fittings and replace or repair missing or |oose hangers.

Make sure that piping is not used to support stock, equipnent, or
other material.

Make sure wet pipe systempiping is properly protected against
freezing.

Before and during freezing weather, check piping of dry pipe systens
for proper drainage.
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. During freezing weather, open drains for outside sprinkler systens,

. Drain water fromlow point drains and drumdrips on dry pipe systens
before freezing weather occurs.

5.5 OBSTRUCTED PIPING  To find evidence of obstructions in piping, check for
the presence of stones, scale, nud, or other foreign material in water
discharged during 2-inch drain tests or inspector test. To determine the
extent and type of obstruction.

1. Tie a burlap bag over the discharge outlet of the 2-inch drain.

2. Allowa full flowfromthe 2-inch drain for 3 to 5 mnutes or until
wat er runs clear.

3. Examine the contents of the bag.

Wien evidence of obstruction has been found, check for the follow ng sources
of obstructing material:

. I mproperly screened inlets from open bodies of water.
. Poorly nmuintained elevated gravity tanks.

. Dead end of extensive water distribution systens,

. Poorly installed underground nains.

. H ghly acid, alkaline, or saline water.

e Active chenicals in water supply.

. Use of second-hand materials in the sprinkler system

. Frequent operation of systens, especially dry pipe systens,
introducing additional foreign nmaterial and free oxygen.

5.6 FLUSH NG SPRINKLER SYSTEMS. Finely divided naterials, such as sand, will
wash through a sprinkler opening. However, if deposits are beconing
solidified, or if stones, cinders, and the like are present, flush the
sprinkler system There are three nethods of flushing obstructed piping in
sprinkler systens.

5.6.1 Hydraulic Method. The hydraulic method is the nost common and | east
expensive nethod of the three. MWaterflowin the systemis in the same
direction as when the systemnormally operates--fromthe riser to the open
fitting. Before flushing the sprinkler systens, clear the water supply piping
of any foreign materials which mght be brought into the sprinkler system (See
the procedures on flushing underground water mains, section 5.18). In
multi-story buildings, systens should be flushed by starting with the | owest
story first and working up.
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When flushing dry pipe systens, the system should be filled with water for
1 or 2 days before flushing to allow the pipe scale and deposits to soften.
Drain the systemand reset the dry pipe valve before flushing continues.
Flush cross mains first by attaching 2-1/2-inch fire hose and val ves at the
ends of the cross mains. To prevent kinking of the fire hose, install an
el bow between the end of the cross nmain and the 2-1/2-inch hose val ve.

After feed mains and cross mains have been throughly cleaned, flush branch
lines. Fit the ends of branch lines with valves and flush individual |ines
of the group consecutively. (This will elinmnate having to shut off and drain
the system for each individual branch line being flushed.) Renmbve all pendent
sprinklers , after flushing has been conpleted, and renove any foreign
materials fromthe sprinklers and associ ated piping.

5.6.2 Hydropneumatic Method.The hydropneunatic nethod requires special
equi pnent including a 30-gallon water tank connected to a 25-gallon air tank.
Waterflow is fromthe end of the system back toward the riseBecause of the
speci al i zed equi prent and procedures required when using this nethod, it
shoul d be perfornmed by qualified sprinkler contractors only.

5.6.3 Mechani cal Methods. | nfrequently, deposits are too hard to renove
by hydraulic methods. In these cases, deposits are renoved by hand roddi ng or
air driven cutter heads used by qualified and experienced contractors. |If
checki ng shows excessive deposits of this type, replacenent with new piping is
usual ly | ess expensive than cl eaning by nmechani cal neans.

5.7 ALARM CHECK VALVES. Performa 2-inch drain test quarterly to test alarm
check valves. QOpen the 2-inch drain valve fully and record pressure on the
gauge | ocated bel ow the cl apper at |owest point and close the 2-inch drain
val ve and record pressure at stabilization point. Notice whether pressure
returns quickly or slomy. Maintain a continuous record of drain tests. If
the recorded pressure with the valve wide open is simlar to previous
recordings and the pressure returns quickly when valve is closed, it is

nor nal . O herwise, there may be an obstruction in the waterway. Check for:

. Partially closed valves to sprinkler system
. Obstruction in alarmvalve preventing clapper fromopening freely
Test local waterflow alarm operation quarterly by opening the test

connection at the end of the system \here there is no test connection, the
alarm may be tested by opening the bypass valve to the circuit opener or
cl oser or by opening the 2-inch drain valve about 2-1/2 turns. Do not test
water notor alarms during freezing weather. To find principal causes of alarm
failures, check for the follow ng:

. Failure of automatic drain on retard chamber to close

. Closed or partially closed valve on piping to alarm devices

. Pl uggi ng of bell casings of water notor gongs by foreign
mat eri al

. Corrosion of noving parts of water notor gongs
. Det achment of shaft couplings from water motor gongs
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. Insufficient water flow to operate devices.

e Alarm check valve corroded shut. (This type of failure is not conmon
and will not occur when systens are properly nmaintained.)

To find principal causes of false fire alarns, check for the follow ng:

. | mproper drainage of retard chamber. (Correct this by opening
chanmber and cleaning or repairing automatic drain.)

. Pressure surges through the alarm check valve.

Fill wet pipe sprinkler systenms slowy through throttled val ves and open
the control valve-wide after system has been filled. Be sure there is no
drai nage from retard chanbers, Leakage neans that the alarm valve clappers
are not seating properly and require cleaning and possibly overhauling.

Make internal inspections of alarmvalves when normal testing procedures
i ndi cate the need.

. Exam ne valve body for tuberculation.

. Check cl apper operation--the clapper should nmove freely wi thout
sticking or binding.

« Replace clapper facings as required.

. Resurface seat rings as required.

5.8 DRY PIPE VALVES AND AlR CHECK VALVES. Air check valves are special

smal |, dry pipe valves which are usually connected to a wet pipe system The
alarms are actuated at the wet pipe systemriser when the air check valve
“trips”. To prevent premature operation, the valves should be fitted with an

air chanmber to maintain at |east 50 gallons of air in the chanber and on the
system  The water flow and |low air pressure alarnms should be tested al ong
with a water flow test using the main drain on a quarterly basis.

Performthe 2-inch drain test by opening the 2-inch drain valve fully and
recording pressure at |owest point. Cose the 2-inch drain valve and record
pressure at stabilization point. Notice whether pressure returns quickly or
slomy .  Miintain a continuous record of drain tests. If recorded pressure
when the valve is wide open is simlar to previous recordings and pressure
returns quickly (in a matter of seconds) when the valve is closed, it is
normal.  OQtherwi se, there may be an obstruction in the waterway. Check for
partially closed valves to the sprinkler system

Because dry pipe sprinkler systens are installed in areas which are
expected to drop below freezing tenperatures, all parts of the system nust be
air tight and kept free of water. Conplete drainage is essential. Each fall,
before freezing season cones, check the pitch of all piping carefully using a
split level to detect dips and snall pockets in the lines. Check for:

. Broken, |oose, or mssing hangers.

o« \Water in low point drains.
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Check air or nitrogen, and water pressures weekly. If air or nitrogen
pressure |osses exceed 10 psi, check the entire systemfor tightness and
elimnate air leaks. Principal checking methods are

. Put a strong snmelling oil, such as oil of peppernmint, into the air
supply . This will produce a strong odor at the point of |eakage

. Paint fittings with a soapy water solution and watch for bubbles

Check tenperature of valve enclosure and naintain a tenperature above
40°F.  Make certain that the valve between the internediate chamber and the
al arm devices is open on dry pipe valves

Check drip valves at intermediate chanbers, making certain that clappers
or balls are in a position to allow drainage. This is done by lifting push
rods or by inserting a pencil in the opening. Water |eakage through this
valve is an indication that the water clapper is not holding tightly to the
seat .

Check the air pressure. The air pressure versus water pressure for
differential dry pipe valves should be as outlined in Table 5-3, unless
otherwi se specified by manufacturers’ operating instructions. Certain
mechani cal type dry pipe valves are designed to trip at a fixed pressure of 10

to 15 psi. Mintain 30-psi air pressure on these valves
TABLE 5-3
DI FFERENTI AL DRY PI PE VALVE Al R PRESSURE SPECI FI CATI ONS
Maxi mum Water Pressure Al r Pressure Range
(psi) (psi)
50 15-25
75 20- 30
100 25-35
125 30- 45
150 35-50

Basic inspections for accelerators and exhausters include the follow ng:

. Check air pressure. System and quick-opening device air pressure
shoul d be the sane.

. Rel i eve excess pressure in quick-opening device by opening bl eeder
valves or |oosening air gauges

. If system pressure is high, relieve the excess pressure through the
priming water test valve. Close this valve as soon as pressures
bal ance. To avoid the possibility of tripping the dry pipe valve, do
not open the prinming test valve more than one turn and keep the val ve
to the quick-opening device closed while the prinming test valve is
open.
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To insure that dry pipe valves will operate effectively in fire
situations, they should be trip tested annually (in the spring) as follows:

1. dose main control valve.
2. (Open 2-inch drain.

3. Open main control valve until 5 pounds pressure shows on the water
gauge.

4. Cose 2-inch drain valve slowy.

5. QOpen inspector’'s test connection of the system \Were there is no
test connection, use the nost renote |ow point drain.

6. As soon as the dry pipe valve trips, close the nain control valve and
open the 2-inch drain. This is particularly inportant in permanently
col d areas.

7. Record initial air and water pressures, air pressure at the trip
point, and time required for tripping.

8. Examne and clean dry pipe valve interior. Replace facings and
gaskets if needed.

9. Reset dry pipe valve and open control valve.

10.  When a dry pipe valve fails to trip or when a clapper fails to latch
in the open position, notify the person responsible for fire
protection so that a qualified sprinkler contractor nay be contacted.

To reset dry pipe valves:

1. Cose main control valve and open the 2-inch drain valve and | ow poi nt
drain valves. Cose |ow point drain valves when water stops flow ng.

2. (Cean clapper facings and seats.

3. Cean valve interior.

4. Place clappers on seats and make certain the anti-water columm |atch
isin place. Bolt on the cover. Do not use grease or other naterial
to help seat clappers. Fill the systemwith 10-psi air pressure to
bl ow out any residual water through [ ow point drains.

5. Open valves at the top and bottom of the primng chanber and prim ng
test valve.

6. Adnit water to the primng chanber until water flows out of test
valve. Cose this valve.

7. Cose the prinmng chanber valves.
8. Adnmit air pressure to the system
9. Open the nmain control valve slowy.
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10, Cose the main 2-inch drain valve, except where water hanmer
conditions exist. In this case, |eave the 2-inch drain valve open
until pressures stabilize.

To check air supply piping, use the follow ng procedure:

1. Note air pressure within 12 to 24 hours after resetting the dry pipe
valve. If air |eakage exists, test sprinkler piping for |eaks.

2. Make sure the valves to manually operated conpressors are tightly
closed. A slow air |eak back through one of these valves can result
in tripping the dry pipe valve.

3. Exanmine restriction orifices in air piping and air pressure
regul ators, if used, fromautomatic air conpressors to dry pipe valves,

5.9 ANTI FREEZE SYSTEMS. No special testing of antifreeze systens is required
ot her than an annual check of the specific gravity of the antifreeze

sol ution. Characteristics of the nbst common antifreeze solutions are |isted
in Table 4-2. If the specific gravity indicates a need for replenishing the

antifreeze agent, be sure to add the sane agent as previously used

5.10 DELUGE AND PRE-ACTION VALVES. Performthe 2-inch drain test quarterly by
opening the 2-inch drain valve fully and recording pressure at the | owest
point. Close the 2-inch drain valve and record pressure at the stabilization
point. Notice whether pressure returns quickly or slowy. Mintain a
continuous record of drain tests.

If recorded pressure when valve is wide open is simlar to previous
recordi ngs and pressure returns quickly when valve is closed, it is normal
O herwi se, may be an obstruction in the waterway. Check for partially closed
valves to sprinkler system  Check:

« \Wter pressure
. Local waterflow alarm through bypass connection

Sone del uge systens have both open and closed sprinklers. Mike sure
operational heat-responsive devices are provided in areas with both open and
closed sprinklers and are in service. Fusing of a sprinkler will not operate
a deluge valve. \here conditions pernit, trip test each deluge valve every 3
years with the control valve open. To trip test deluge valve

1. Close main control valve

2. Apply an electric heat lanp to at |east one heat actuating device in
each circuit, testing one circuit at a tine. Note the time required
to trip the valve. Where flammbl e vapors may be present, use a hot
cloth or hot water in place of the electric test set.

3. Reset the deluge valve and trip, using the manual release.

4. \Were fixed tenperature releases are involved, wait 15 minutes and
trip by renoving a fusible element fromthe tubing or a
heat - responsi ve devi ce.
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5. Wen tests are conplete, reset valves and open the main control valves
Detectors should be tested semi-annually and alarms quarterly. Because
there are so many designs of heat responsive devices, test procedures for each

cannot be included here. See individual manufacturers’ information for
detailed testing procedure. During routine inspections, check for painted or

corroded contacts, plugged vents, or painted domes. Clean or replace affected
devi ces.

5.11 H GH SPEED SUPPRESSI ON SYSTEM  Performa full operational test of high
speed suppression systems every 3 years by actuating a detector (see Chapter
3), or by actuating a manual release station. Check to be certain that al
nozzles are operating. Then, follow these steps to reset the system

1. Replace pre-prinme caps and/or rupture discs

2. Refill piping with water.

3. If system uses an explosive valve, replace the firing squib and the

squi b hol der.

5.12 STANDPI PE AND HOSE CONNECTIONS.  Annually or when routine facility
i nspections are performed (whichever is nore frequent), check standpi pe and
hose connections. Check for the follow ng:

e Hose valves are tight.

. Hose and hose racks or reels are in good condition (re-rack hose
annual 1'y.)

. Hose is dry and easily noved

. Stored hose nozzles are unobstructed

« Threads on nozzles and couplings are in good condition.

« Hose and nozzle gaskets are tight.
5.13 | NTERRUPTI ONS TO SPRI NKLER AND STANDPI PE SYSTEM PROTECTI ON. To minim ze
the effect of an interruption of sprinkler protection, the follow ng actions
shoul d be consi dered.

. Linmit the extent and duration of the interruption to a mininum

. Stop highly hazardous processes

« Restore protection tenporarily by capping open yard mains or
sprinkler piping and opening control valve, if possible.

5-10



. Provi de an energency water supply to the system by connecting a
hydrant, which is in service, with a fire departnent connection.
Where no connection is available, connect to the 2-inch drain.

Emer gency connections may be charged except during freezing weather.
Use this nethod when the inpairnent is in the supply system

. Check availability and condition of other fire protection equi pnent
in the area.

. Post a specially instructed guard in the affected area

. Make a full flow drain test after repairs have been conpl eted and
control valves reopened

5.14 CLOSING CONTROL VALVES |IN EMERGENCY. Under fire conditions, only the
fire department officer-in-charge may authorize closing a control valve. This
is done only when the fire is out, under control by other nmeans, or there is a
sprinkler failure, such as a broken sprinkler nain.

Cosing a control valve to prevent water damage in case of accidenta
breakage of piping can be done only if there is no fire. Report valve closing
and damage immediately to the person responsible for fire protection. Station
responsi bl e personnel at the closed valve with instructions to open it in case
of fire.

5.15 DEACTI VATI NG AUTOVATI C SPRINKLER SYSTEMS. Notify the person responsible
for fire protection or the public fire departnent before deactivating
sprinkler systens. Deactivate sprinkler systems as follows:

1. Cose the main control valve

2. Open the drain valves and renove plugs at low points. Drain the
system conpletely. \here |ow points are not provided with drains
(including pendent sprinklers on drops) or piping is not properly
pitched, disconnect, drain, and reconnect, providing the proper pitch.

3. Wit 48 hours to allow the condensate to drain. Then renove, drain,
and reinstall pendent sprinklers.

4. \Where the main control valve is |located outside the building, instal

all2-inch sill cock to bleed off all water in the underground main on
the system side of the control valve. Provide a bed of small stones
or gravel at the sill cock.

5. Where the nmain control valve is inside the building and separated from
the alarm check valve by a spacer, install a I/2-inch sill cock on the
spacer. Provide protection against freezing fromnot |less than 24
i nches above the corporation cock to below the frost line

6. Wiere the nain control valve is inside the building and directly under

the alarm check valve, install a |/2-inch sill cock on the alarm check
val ve body below the clapper. Provide protection against freezing

7. Drain the bodies of check valves on the systemside of the nain
control valve
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10.

11.

12.

Close auxiliary drain valves and replace the plugs. Leave sill cocks
and 2-inch drain valves open.

Where weat her conditions are unusually severe, replace inside control
valves with post indicator valves, and provide proper drainage.

Repair or replace control valve when | eakage exceeds capacity of the
sill cock.

Post signs near the closed valve giving instructions to open the
valve in the event of fire. Signs should clearly indicate areas
controlled by each valve.

Drain off condensate accurnul ations at |ow point drains as frequently
as conditions require.

5.16 CONVERTI NG AUTOVATI C SPRI NKLER SYSTEMS. Wen, as a result of an
engineering evaluation, it is desired to convert wet pipe automatic sprinkler
systens to dry pipe systens, it may be done as follows:

1.

2.

10.

11.

Close the main control valve and drain the system
Renmove the alarm check valve and its trinmngs.

Install a dry pipe valve and its trinmrings. This nmay require
replacenent or recutting of one length of pipe in the riser as the
face-to-face dinensions of the two valves may not be the sane.

Di sconnect the fire departnent punper connection fromthe riser,
install a blank flange at the riser outlet, and reconnect the punper
connection to the water side of the dry pipe valve.

Unless already provided, install a check valve on the supply
connection to the sprinkler system

Install a suitable air compressor and connect to the dry pipe valve
An adequate and reliable installed (shop) air supply with enough
capacity to restore normal air pressure to the systemwthin 30
mnutes may be used instead of a conpressor.

Check piping fromthe highest branch line back to the riser. If
required, provide additional line pitch as required by NFPA Standard
No. 13, “Installation of Sprinkler Systemns.”

Turn pendent sprinklers upright and install upright sprinklers. Were
this cannot be done, replace pendent sprinklers with dry pendent
sprinkl ers.

Provide low point drains or drum drips at |ow points

Provide a heated enclosure around the dry pipe valve

Set and maintain the dry pipe valve.
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Where, as a result of an engineering evaluation, it is desired to convert
dry pipe automatic sprinkler systens to wet pipe systens, do the follow ng:

1.

2.

3.

Close the main control valve and drain system
Renmove the dry pipe valve and its trinmngs.

Install an alarm check valve and its trlmnngs This may require

replacenent or recutting of one length of pipe in the riser as the
face-to-face dinensions of the two valves may not be the sane.

5.17 RESTORING AUTOVATI C SPRINKLER SYSTEM SERVICE. To restore automatic
sprinkler service, trace all lines of the sprinkler systemfromtheir ends to
the main supply connection. Follow these steps:

1.

2.

10.

Remove blank flanges or gaskets bl ocking waterways.
Repair or replace cracked fittings or piping.

Repl ace corroded or danmmged sprinklers.

Repitch inproper pitch to piping.

Repl ace or resecure missing or |oose hangers.

Exami ne the internal condition of piping at representative points. If
accunul ations of scale, stones, or other foreign material are found,
flush the system thoroughly.

Close drain valves and adnmit water slowy to the system taking care
to avoid damage by water from undiscovered | eaks.

Make a hydrostatic test of the systemif it has been out of service
for nore than a year, damaged mechanically or by freezing or fire, or
extensively repaired, altered, or extended. In this test, maintain a
pressure of at |east 50 psi higher than nornal static pressure, but
not less than 150 psi, for 2 hours. For dry pipe systens, nake an air
pressure test following the hydrostatic test. Mintain 50 psi air
pressure for 24 hours. Repair piping if air |eakage in excess of
1-1/2 psi occurs. A hydrostatic test of a deluge systemrequires the
temporary replacenent of open sprinklers with closed sprinklers. A
del uge system should be restored by an experienced contractor

Exam ne, service, and test alarm check valves, dry pipe valves,
qui ck- opening devices, and alarm devices.

Restore the systemto full service.
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5.18 WATER SUPPLIES FOR SPRINKLER AND STANDPI PE SYSTEMS.

5.18.1 Water Mains. Annual fire flow tests shoul d be conducted to
determine the condition of water mains, as follows: (For additional
informati on see NFPA 291, Recommended Practice for Fire Flow Testing and
Marking of Fire Hydrants, Chapter 2 and International Fire Service Training
Associ ation (I FSTA) Manual, Section 2, Fire Hydrants, to determine the
condition of water namins.)

1. Select a hydrant to record pressures (called the residual hydrant).
2.  Renpve one of the 2-1/2-inch caps and replace it with a 2-1/2-inch cap
with |/4-inch threaded connection for a pressure gauge. Provide a

test cock on the connection for blowing off air.

3. (Qpen the hydrant and record the pressure. This pressure is known as
the static pressure.

4. Select hydrant(s) for flow neasurenents.

5. Operate hydrant(s) and measure velocity pressure through flow ng
outlets by use of Pitot tube and gauge. It is best to pitot the flow
froma playpi pe connected to a hoseline fromthe hydrant, rather than
the flow discharging directly from the hydrant.

6. Wth water flowing, record the pressure at residual hydrant. This is
known as the residual pressure.

7. Calculate the flow of water fromeach open orifice fromcharts or the
formul a:

Q =29.83Cd2Jp

where: Q= flowin gpm

C = the coefficient of discharge of the orifice
d = the dianeter of the outlet in inches
p = the pressure recorded on the pitot gauge in psi

Conpare the results of the waterflow test with previous tests to determ ne
if there has been a deterioration. A large drop in the water supply can
be attributed to a closed or partially closed valve, or other obstruction
in the main.

8. Flush water mains during a capacity test by allowing the flow ng
hydrant to remain open until the water flows clear.

5.18.2 Fire Hydrants. Check the general condition of hydrants annually
i ncl udi ng:

1. Check tightness of nozzles, inspecting at a point where nozzles enter
hydrant barrel. Caul k when necessary.

2. Check for leaks in the top of the hydrant. If necessary, renove cover
and tighten the packing gland, or repack.

3. Check for |eaks past gaskets under caps, replace defective gaskets.
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4.  Check for cracks in barrel. If found, replace the hydrant.

5. Check tightness of valve and seat and watch for |owering of the water

level in dry barrel hydrant after the valve is closed. If the |evel
does not drop, listen with your ear against the hydrant. If a noise
is heard, the main hydrant valve is probably |eaking and nust be
replaced. If quiet, the drain valve is plugged and must be reopened.
6. Inspect the operating nut and replace it if it has worn or rounded
corners.
7. Inspect nozzle threads and replace themif they are damaged.

8. Lubricate the hydrant per the manufacturer’s reconmmendation.
Typically, lubrication includes |ubricating the operating nut and
renmove the screw in top of the operating nut and apply lubricant. In
addition, lubricate the packing and thrust collar by oiling the joint
between the nut and collar.

9. In freezing or subzero weather, check dry barrel hydrants by:

Pl aci ng the operating wench on nut and turning slightly to nake sure
it is not frozen. If frozen, thaw by using a blow torch on the
operating nut.

Renove the hydrant cap and inspect for ice in barrel by |lowering a
smal | weight on string. |If the hydrant contains ice, thaw by
injecting live steamfroma portable steamthawer, by using portable
heating equi pment or by placing a few al um num chips mxed with tw ce
t he anount of caustic soda chips in the hydrant barrel and pour in
about 1 cup of water. The heat generated should thaw out hydrant
barrel within one-half hour. Renove hydrant nozzle caps to help
generated gas to escape.

After the ice is thawed enough to allow opening the hydrant, flush
slowmy until all ice is nelted. |f hydrant barrel does not drain
after valve is reclosed, punp out all water and fill with salt to
prevent the freezing of any water which may accumulate in the barrel.

5.18.3 Fire Department Connections. Check fire departnent connections
annually to be sure:

« Connections are accessible and properly supported.
. Caps are properly secured.
. Hose threads are in good condition.

« Automatic ball drips are clean and nove freely.
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5.18.4 Water Tanks.

suction

1.

fol | ows:

1.

2.

5.18.4.1 Steel Gravity and Suction Tanks. Inspect steel gravity and
tanks as follows:

Check water level nmonthly and keep tank filled to within a few inches
of overflow. Wen filling, fill the tank until water discharges from
the overflow pipe

Check general condition annually and exami ne the tank for |oose scale
and | eaky seans or rivets

I nspect |adders annually, checking for nissing connecting bolts
deteriorated lugs and rungs, and any other conditions that would nake
the | adders unsafe.

Check condition of the roof annually to see that screens on overfl ow
and other openings are in place and are adequate to keep out birds and
other animals or debris. Keep the roof hatch covered and the door at
the top of the frost proof casing fastened to prevent w nd damage,

keep out birds, and conserve heat in the wnter.

Exam ne sway bracing annually to check for tautness. Tighten
turn-buckles if necessary. Look for corrosion under clevis pins and
rod | oops because the underside is likely to be in worse condition
than the top.

I nspect condition of paint annually to make sure paint is adequate to
protect tank and substructure from corrosion both inside and outside.

I nspect tower colums and pits annually to keep the base of tower
colums and any pits free fromdirt, rubbish, or conbustible
material. Keep the whole site clear of weeds, brush, or |ong grass.
Keep the tops of foundation piers at |east 6 inches above ground

| evel, and the bases of columms in which water may accunul ate filled
with concrete, sloped and flashed to shed water.

5.18.4.2 Woden Water Storage Tanks. Inspect wooden water tanks as

Check water level monthly and keep the tank full

Inspect the tank annually for leaks. Repair |eaks inmediately because
wood around |eaks deteriorates rapidly. Examne steel hoops and bands
for corrosion and replace noticeably corroded bands, particularly
those corroded at the threaded ends. Check all tinber support
structures and substructures for splitting, checking, warping, bow ng,
or curvature and replace or properly support nmenbers. Inspect |ower
ends of tinber support nmenbers for termte activity. Mike sure sway
bracing and all bolted connections are tight.

Examine tank accessories annually. Exam ne |adders, opening covers

gauges, screens, and roof for signs of deterioration and repair as
necessary.
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storage
1.

2,

Exam ne paint annually. Painting does not materially |engthen the
life of a wooden tank and is usually done only for aesthetic

purposes. Check paint on nmetal parts to insure that it is adequate to
protect parts from corrosion. Repaint if necessary.

5.18.4.3 Concrete Water Storage Tanks. Inspect concrete water
tanks as foll ows:

Check water level monthly and keep the tank full

Check the general condition annually, inspecting concrete water
storage tanks each spring for watertightness and structura

condition. Check all interior and exterior surfaces for spalling
resulting from frost, for exposed reinforcement, and for othef
structural deterioration. Renove all |oose, scaly, or crumbling

concrete. Patch with rich cement grout after wetting concrete and
painting with portland cenment slurry.

Check | eakage annually, marking places on the tank’s exterior where
| eakage or seepage occurs. Wen tank is enpty, inspect the interior
to locate cracks, porous concrete, breaks in interior seal menbrane
or other points where water is escaping. Repair as needed

5.18.4.4 Rubberized Fabric Enbankment Supported Water Tanks. [nspect

rubberized fabric enbankment supported water tanks as follows:

Check water level nonthly and keep the tank filled

Each year check the drain outlet around the base of tank to detect any
| eaks which may not be visible. Check enbankment for any erosion and
fill as needed. Check fabric for wear and tear. Check for puddl es of
water on the tank and remove if found. Check the sunp area at tank
bottom and renove any solids or sedinent.

I nspect the exterior surface annually for areas of oxidation or
weat her checking of outer protective paint; repaint as necessary.

5.18.4.5 Pressure Tanks. Inspect pressure tanks as foll ows:

Check water level and air pressure nonthly and fill the tank to the
required levels, if necessary.

I nspect condition of paint annually. The interior of the pressure
tank shoul d be inspected by a qualified pressure-vessel inspector to
determine if corrosion is taking place and whether painting or
repairing is required at three-year intervals.

5.18.4.6 Heating Systens for Water Tanks. |Inspect heating systens

for water tanks as follows:

L

Check heating systenms 2 nonths before freezing season. |nspect
insulation and frost proof casing around the riser. Seal all openings
to prevent excessive heat loss. Inspect heating elements to insure

proper functioning through the winter season. Clean with a wire brush
and paint all pipe and equipnent showing exterior corrosion.
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2. (perate the heating system 1 nonth before freezing season. Run the
system at least 8 hours to check condition of the heating el enment,

3. During freezing weather, check heating systens daily

5.18.4.7 Cathodic Protection Equipnent. Inspect cathodic protection
equi prent as foll ows:

1. Wiile equipment is operating, note and record current flow shown by

met ers. If there is no current, check for blown fuses, anodes
touching the tank, ground-w re connection to tank, or anodes not
“ immrersed in the water. |f equipnent operates at voltages or anperages

over those listed on the name plate, the rectifier may be danmaged
Check polarity and direction of current flow (I'f connections to
rectifier are reversed, rapid damage to tank occurs.) Positive should
be connected to anodes and negative to tank for correct polarity.

2. If possible, visually check condition of anodes which deteriorate
because of action of current passing from anodes to water. Replace
wor n anodes. (Watch for dimnishing current flow on operating |ogs
which is a sign that the anodes may be failing.)

3. Protect electrodes fromice. If ice formation is a serious problem
turn off current and renove and store the el ectrodes during the
freezing season. The corrosion rate goes down with tenperature
Reinstall the electrodes at the end of freezing season.

4, for cathodic protection, see appropriate mlitary service docunents

5.18.5 Fire Punps.

5.18.5.1 General Inspection. Fire punp units should be naintained in
constant readiness. The punmp nust be able to be started at a nonent’'s notice
and be able to run for long periods of tinme. To insure that these conditions
are met, frequent testing is nandatory.

Start engine driven fire punps weekly and electric driven fire punps,
monthly, allowing themto run at full speed while discharging water through a
convenient outlet. Automatically start the punp by dropping system pressure
or closing remote start contacts. Inspect the tenperature and tightness of
the packing glands with each test. During operation, it is inportant to allow
a smal |l amount of water to |eak through the packing glands for |ubrication and
cool i ng. Check and record the reading of the suction and di scharge pressure
gauges .

. Check internal conbustion engine drivers to insure that the engine is
clean and dry. Check the fuel tank and maintain at |east an 8-hour
fuel supply. Check the quality and quantity of the crankcase oil and
renew it if it becones foul or loses viscosity. Examne the oi
filter and replace when necessary. Verify that the battery charger
is operating correctly and check the condition of the battery
electrolyte. Run the engine for at least 30 mnutes. Test the
operation of the speed governor and overspeed trip
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Check the steamturbine drivers by checking the steamtrap for
removing condensed steam at the throttle. Test the operation of the
speed and pressure governors, the overspeed trip, and the steam
relief valve.

5.18.5.2 Performance Testing. The condition of fire punmps is

determned annual ly by full operating tests which discharge water fromthe

punp at

various flow rates.

At each flow, record suction and di scharge pressures, rates of flow
and speed of the punp. To obtain the net pressure available fromthe
fire punp, subtract the suction pressure from the discharge

pressure. The rate of flow and the net pressure nust be corrected to
the rated speed of the punp, if the actual speed (rpm during testing
differs fromthe rated speed.

The rate of flowis directly proportional to the speed and pressure
is proportional to the square of the speed respectively, as follows:

gml/gpm 2 = rpm 1/ rpm 2
psi I/psi 2 = (rpml/rpm2)?

After the flow and pressure have been adjusted, these points should
be plotted on graph paper against the standard curve for fire punps
(i.e., pressure at 120% of rated for centrifugal or 140% of rated for
vertical punps at O% flow, pressure at 100% of rated at 100% fl ow,
and pressure at 65% of rated at 150% flow). Conpare the plotted test
results with previous punp tests.

If the “plotted” pressure is less than 95% of standard pressure at
100% fl ow or less than 40% of standard pressure at 150% flow, the
punp should be repaired imediately.

If the speed of the pump differs by nore than 10% from rated speed,
the driver should be repaired imediately.

To check hose and hose header, close discharge valves from fire punp
to the fire protection system Open the valve to the hose header.
Use various conbinations of hoses and nozzles (1-3/4- and |-1/8-inch
discharge orifices) to obtain at least six representative flow rates
from Qbto at least 150% rated flow

To check neter arrangenment, close discharge valves from fire punp to
fire protection system Qpen the valve to inlet side of testing
device conpletely. Adjust the valve downstream of testing device to
obtain flow rates of at |east six representative points from Qhto at
| east 150% of rated flow

Test controllers according to manufacturer’s instructions.
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TABLE 5-4
FI RE PUMP TROUBLES AND CAUSES

Number

Firc-pump troubles

Dis-
charge
Puwp | pres- T
' ou ;
luses sure | huch "J:, water
not
owe i
con- “:_:_U or - dis-
vi- charge

Dis-
charge
pres- | Insuf-
sure ficient
too low | walter

for dis-

Lixceas-
Pummp | Pump sive
No unit or leak-
will driver | age at
not, over- | stuff-

Pump
Causes

Suction

BN T-NV S

gpm
dis-

charge

start- stunt

for
suine
ghm

quired

start

heats

ing
box

Suction lift too high........ ..

Foot valve too small, partially

obstructed, or of mfenor de-

8ign causing excessive suction-

headloss...................

Air drawn into suction connee-
ol

tien throug

merged foot valv
Air drawn into suction connec-
tion through leak............
Sucuon connection obstructed.
Air pocket in suction pipe.....
Hydraulic cavitation from too
high suction life.............
Well collapsed or serious mis-
alignment..................

O X

M MMM X

MMX X

>

Pump

Stuffing box too tight or pack-
ing improperly installed, worn,
defective, too tight, or incor-
rect type .

Water seal or plpe to seal ob-
structed. ...................

Air leak into pump through
stuffing boxes...............

Immpeller obstructed...........

Wearing rings worn...........

Impeller damaged...... ......

Wrong-diameter unpeller ......

Actual net head lower than
rated......................

Casing gasket defective, per-
mitting internal leakage (mul-
tistage pumps only). ........

Pressure gage on top of pump
CASINE. ... i,

Incorreet impeller ad]ustment
(vertical-shaft pumps only). .

Impellers lucl\ccr. ..............
ump frozen. ..

Pump shaft or shaft sleeve
scored, bent, or worn. ..

Pump not pnmcd ............

Seal ring improperly located in
‘\,uﬂlub buA, plcvcuung water
from entering space to form
Beal...... ... .. ...,

MMM IHK X X

MMM X

x

> ¢

>

>

2 M

»

EL 3

Pump and for driver

Driver

hxcess benrmg friction due to
luck of lubrication, wear, dirt,
rusting, failure, or improper
installation................,
Rotating element binds against
stationary element...........
Pump and driver misaligned.
Shaft running off center be-
cause of worn bearings or mis-
alignment..................
Foundation not rigid. , e
Lngine cooling system ““ob-
structed. Heat exchanger or
cooling-water system too
small. Cooling pump faulty.

*

>

>

" >

Number

| ® W v - ~

A2

<

(- Ll AV N S

Driver does not start.........
Lack of luhncution ...........
Speed too low. ............
Wrong direction of rotation.
Speed too high...............
Rated motor voltage dlﬂ'erent
from line voltage, e.g. 22
440-volt motor on 208- or 4I6-
valt line . e
Faulty electric circuit,, ob-
structed fuel system, ob-
structed steam pipe, or dead '
battery............ P

> »

36
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Talbe 5-4 identifies the nost common punp troubles and their possible

causes.
falows:

1.

10.

11.

12.

Addi tional troubl eshooting information for fire punp troubles

Suction lift too high. Suction lift should not exceed 15 feet for a
hori zontal -shaft punp. If vertical distance fromthe punp center line
to the water level, plus friction loss in suction pipe, is over 15
feet, rearrange the suction supply. Check suction connection.

Foot valve too snall, partially obstructed, or of inferior design.
This causes excessive suction-head loss. Replace it with an approved
foot valve of proper size or renpve obstructions.

Air drawn into suction connection through insufficiently subnerged
foot val ve. Lower foot valve,

Air drawn into suction connection through leak. This causes the punp
to lose suction or to fail to naintain its discharge pressure. Uncover
the suction pipe, locate and repair |eak(s).

Suction connection obstructed. Exani ne suction intake, screen, foot
valve, and suction pipe, and renmove the obstruction. Repair or
provide screens to prevent a ’'recurrence.

Air pocket in suction pipe. Air pockets cause a reduction in delivery
and pressure simlar to an obstructed pipe. Uncover suction pipe and
rearrange to elimnate pocket.

Hydraulic cavitation from excessive suction lift. See Item 1.

Wel'l collapsed or in serious misalignment. Consult a well-drilling
conpany and the punp manufacturer regarding recomended repairs.

Stuffing-box too tight or packing inproperly installed, worn,
defective, or incorrect type. Loosen gland swing bolts and renove
stuffing-box gland halves. Replace packing.

Water Seal or pipe to seal obstructed. Loosen gland swing bolt, and
renove stuffing-box gland hal ves, water-seal ring, and packing.

Clean the water passage to and in the water-seal ring. Replace

wat er-seal ring, packing gland, and packing, follow ng the

manuf acturer’s instructions.

Air leak into pump through stuffing-boxes. See Item 10.

Inpel l er obstructed. Does not show on any one instrunment, but
pressures fall off rapidly when an attenpt is made to draw a | arge
amount of water.

Hori zontal -shaft punps: Renobve upper case of punp, and renove
obstruction from inpeller. Repair or provide screens on the suction
intake to prevent a recurrence.

Vertical -shaft punps: Lift out colum pipe, and punp bow s from wet
pit or well, and disassenble punp bowl to renove obstruction from
i npel | er.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

Wearing rings worn. Rermove upper case, and insert feeler gauge

bet ween case wearing ring and inpeller wearing ring. Cearance when
new is usually 0.0075 inch; clearances of nore than 0.015 inch are
usual ly excessive.

I npel l er damaged. Make minor repairs or return to manufacturer for
repl acenent. If defect is not too serious, order new inpeller and
use danmaged one until replacenent arrives.

Wong-dianeter inpeller. Replace with inpeller of proper dianeter.
Actual net head |lower than rated head. Check inpeller diameter and
nunber and punp nodel nunber to determni ne whether correct head curve
is being used.

Casing gasket defective, permitting internal |eakage (nultistage
punps only). Replace defective gasket. Check manufacturer’s draw ng
to see whether gasket is required.

Pressure gauge on top of punp casing. Pl ace gauge in correct
| ocation.

Incorrect inpeller adjustment (vertical-shaft punp only). Adjust
impel l ers according to manufacturer’s instructions.

Inpellers locked. For vertical-shaft punp: Raise and | ower

impellers by the top shaft adjusting nut. If this is not successful,
follow the manufacturer’s instructions. For a horizontal-shaft
punp :  Renove upper case and locate and elimnate obstruction.

Punp Frozen. Provide heat in the punp room Disassenble punp and
renove ice. Examne parts carefully for damage.

Punp shaft or shaft sleeve scored, bent, or worn. Repl ace shaft or
shaft sl eeve.

Punp not primed. |If a punp is operated without water in its casing,

the wearing rings are likely to seize. The first warning is a change
in pitch of the sound of the driver. Shut down the pump. Prine the
punmp before restarting.

For horizontal -shaft punp: Stop punp and open unbrella cock to

det erm ne whet her punp and suction pipe are completely filled with
wat er .

For vertical-shaft punp: Check water level to determ ne whether punp
bow s have proper subnergence.

Seal ring inproperly located in stuffing-box, preventing water from
entering space to form seal. Loosen gland swing bolt, and renobve
stuffing-box gland halves, water-seal ring, and packing. Replace,
putting seal ring in proper |ocation.

Excess bearing friction due to lack of lubrication, wear, dirt,

rusting, failure, or inproper installation. Renove bearings and
clean, lubricate, or replace as necessary.
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26.

27.

28.

29.

30.

31.

32.

Rotating elenment binding against stationary elenent. Check
clearances and lubrication. Replace or repair the defective part.

Punp and driver msaligned. Shaft running off center because of worn
bearings or nisalignnent. Replace bearings. Aign punp and driver
according to manufacturer’s instructions.

Foundation not rigid. Tighten foundation bolts or replace foundation.

Engi ne cooling system obstructed; heat exchanger or cooling-water
system two small or cooling punp faulty. Renove thernpstats; open
bypass around regul ator valve and strainer; check regul ator-val ve
operation; check strainer; clean and repair if necessary. D sconnect
sections of cooling systemto locate and remve possible

obstruction. Adjust engine cooling-water circulating-punp belt for
proper speed without binding. Lubricate bearings of the punmp. If
overheating still occurs at loads up to 150% of rated capacity,
contact punp or engine manufacturer to determ ne necessary steps to
elimnate overheating.

Driver does not start. Check electric nmotor, internal-conmbustion
engine, or steamturbine to locate reason for failure to start.

Lack of lubrication. |If parts have seized, replace danaged parts,
and provide proper lubrication. |If not, stop punp and provide proper
| ubrication.

Speed too | ow For electric-motor drive, check whether rated notor
speed corresponds to rated speed of punp, whether voltage is correct,
and whether starting equipment is operating properly.

Low frequency and | ow voltage in the electric-power supply prevent a
motor from running at rated speed. Low voltage may be due to
excessive |oads, inadequate feeder capacity, or (with private
generating plants) |ow generator voltage. Generator voltage of
private generating plants can be corrected by changing the field
excitation. Wen low voltage is fromother causes, it may be
necessary to change transformer taps or increase feeder capacity.
Low frequency is nore likely to occur with a private generating plant
and should be corrected at the source. Low speed nmay occur in ol der
type squirrel-cage notors if fastenings of copper bars to end rings
becone |oose. Weld or braze these joints.

Wth steamturbine drive, check that valves in steamsupply pipe are
wi de open; boiler steampressure is adequate; steam pressure at
turbine is adequate; strainer in the steamsupply pipe is not

pl ugged; steamsupply pipe is of adequate size; condensate is renoved
from steamsupply pipe, trap, and turbine; turbine nozzles are not

pl ugged; and setting of speed and emergency governor is correct.

Wth internal-conbustion-engine drive, check that setting of speed
governor is correct; hand throttle is opened wide; or that there are
no nechani cal defects such as sticking valves, tining off, or spark
plugs fouled. Checking nechanical defects may require the services
of a trained mechanic.
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33. Wong direction of rotation. Instances of an inpeller turning
backward are rare but are clearly recognizable by the extreme
deficiency of punmp delivery. Wong direction of rotation may be
determned by conparing the direction in which the flexible coupling
is turning with the directional arrow on the punp casing

Wth pol yphase el ectric-notor drive, two wires nust be reversed.
Wth a DC driver, the armature connections nust be reversed with
respect to the field connections. Were two sources of electric
current are available, check the direction of rotation produced by
each.

34. Speed too high. Check whether punp and driver rated speed
correspond. Replace electric motor with one of correct rated speed.
Set governors of variable-speed drivers for correct speed. Frequency
at private generating stations may be too high.

35. Rated nmotor voltage different fromline voltage for exanple, 220- or
440-volt motor on 208- or 416-volt line. Install notor of correct
rated voltage or larger size notor.

36. Faulty electric circuit, obstructed fuel system obstructed steam
pi pe, or dead battery. Check for break in-wiring, open switch, or
open circuit breaker. If circuit breaker in controller trips for no
apparent reason, make sure oil is in dashpots in accordance wth
manuf acturer’s specifications. Mke sure fuel pipe is clear,
strainers are clean, and control valves are open in fuel-supply
system to internal-conmbustion engine. Make sure all valves are open
and strainer is clean in steamline to turbine

5.18.6 Sprinkler Control Valves. Sprinkler control valves are a vital
part of the sprinkler system and nmust receive a high level of attention. A
cl osed valve when there is a fire can result in a total loss of the facility
being protected.

Seal ed val ves should be inspected weekly. Locked valves or valves with
tanper switches should be inspected nonthly. Quarterly, underground and post
i ndi cator gate valves should be operated to varify valves are open and in
general working order.

During annual preventive naintenance inspections, the follow ng should be
perforned to check underground and post indicator gate val ves.

1. Be sure valves are accessible and protected agai nst danage.

2. Be sure valves are clearly marked for location and the direction to
open.  For underground valves; this may require painting directiona
arrows on the pavenment or nearby wall.

3. Check that post indicator barrels and targets are properly aligned,
intact, and the head bolts are tight. (Wenches are provided.) Be
sure valves are either supervised or sealed open

4. Be sure road boxes or nanhol e covers to underground valves are clear
of ice, snow, or other debris and that valve pits are clean and dry.

5 Make sure adequate protection against freezing is provided.
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6. Open valves to deternine valve condition. Conpletely close the valve
and then reopen it, count the nunber of turns required to close and
reopen valve, and conpare this nunber to the manufacturer’s literature
to assure the valve is w de open.

7. Check and lubricate the packing. |f packing |eaks, dig up the valve
and tighten the packing. |f necessary, replace the packing. Open the
val ve as much as possible and pull the stem shoul der tight agai nst
bonnet to prevent excessive |eaking during the repacking.

8. Check for a bent operating stem |If the stemis bent, the valve tends
to bind during a full operational test. Replace stem by shutting
val ve tight removing the stuffing-box assenbly, and unscrew ng the
stem from stem operating nut. Insert new stem reassenble the
stuffing-box, and repack the valve.

9. Check and replace missing and badly worn operating nuts.

10. Check and lubricate gears, observing and correcting any undesirable
operating conditions, such as difficulty in opening and cl osing of
val ve.

5.18.6.1 Above Gound Gate Valves. Maintenance procedures for
above-ground gate valves are as follows:

1. Lubricate the packing with a few drops of graphite oil, or grease to
el i mnate excessive friction between valve stem and packing. stop
| eakage by tightening the stuffing-box nuts which forces the packing
gland tight against the packing.

2. Replace the packing, if necessary. Before repacking, open the valve
wi de, clean stuffing-box by removing all old packing frominside, and
clean and polish the valve stemwith fine enery cloth. Insert new
packing in the stuffing-box and tanp into place with packing gl and;
stagger the ring splits. After stuffing-box is filled, place a few
drops of oil on the stem assenble the gland, and tighten.

3. Operate the valve fromfull open position to full closed and back to
full open position to prevent gate valves from sticking. Be sure the
valve is either supervised or sealed open.

4. Lubricate the rising stem threads with grease.

5.18.7 Check Valves, Waterflow Meters, and Backfl ow Preventers.
I nspection of check valves, waterflow nmeters, and backflow preventers shoul d
be conducted quarterly. Inspection and testing of these devices is docunented
in detail in other mlitary publications, including AFMB5-21. Typi cal
procedures for inspection and naintenance are as foll ows:

5.18.7.1 Single and Double Check Valves. Inspect the disc facing by
openi ng the val ve and observing the condition of the facing on sw ng check

val ves equi pped with rubber or leather seats on disc. |If the nmetal seat ring
is scarred, dress it with a fine file and fine enery paper wapped around a
flat tool. Check pin wear on wafer check valves. The clapper nust be

accurately positioned in the seat to prevent |eakage.
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5.18.7.2 Waterflow Meters. Clean and inspect waterflow neters for
worn parts by examining internally, cleaning, and inspecting for worn parts.
Meter registration may be inpaired by sedinent in the interior or by wear of
noving parts through long, constant service. Before freezing weather, inspect
housing condition of each neter. Make certain meter is protected from
exposure to below freezing tenperatures.

5.18. 7.3 Reduced Pressure Backfl ow Preventer. Check for evidence of
| eakage from the differential relief valve which indicates a need for repair.
Fol | ow manufacturer’s instruction.

5.18.7.4 Automatic Pressure Regulating and Altitude Valves. Test and

grease pilot control by changing the pilot control nonmentarily to operate the
valve. Return the control to the original setting and grease pilot-setting
threads. To close an open altitude valve, back off the nut on diaphragm
spring-tension setting one or two turns. Return nut to its exact position
after inspection.

Di sassenble and clean the valve according to nmanufacturer’s instruction.
Cean any sediment fromthe interior of the valve. Check seat and piston
rings for worn or damaged seats and rings; replace if necessary.
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CHAPTER 5.  SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
questi ons.

®-1 The foll owi ng adverse conditions do not require the repl acenent
of sprinklers:

Di scol oration due to corrosion
Cracked quartz bul bs

Deposits of paint

None of the above

oo o o

®-2 Qutside open sprinklers are tested by:

8. Removing sprinklers and submitting themto a |aboratory for testing
b. Gauging the orifice opening

¢. Conducting a water discharge

d. Al of the above

®-3 Pi pi ng and hangers should be checked for the foll ow ng adverse
conditions and repaired:

Bent pi ping

Protection from freezing for wet pipe systens
Proper drai nage

Al of the above

oo o ®

®-4  \WWen evidence of obstructed piping is found, the follow ng my
be the cause of the obstructing material:

a H ghly chlorinated water

b. Hghly acid, alkaline, or saline water
¢c. Carbonated water

d. Al of the above

®-5 The foll owing nethods are used for flushing obstructions from
sprinkler systens:

a Hydraul i c nethod
b. Chemical nethod
¢. Mechanical nethod
d Al of the above

®-6  Wien using the hydraulic nethod of flushing sprinkler systens,
the following should be flushed first:

Cross nmins
Branch [|ines

Ri ser colum

None of the above

oo o P
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-8

Q- 10

- 11

Q- 12

Q- 13

B- 14

When conducting 2-inch drain tests at sprinkler systemrisers,
if arapid drop in pressure occurs when the valve is opened and

a sl

ow return to normal is experienced when the valve is closed,

this may be indicative of:

0D o

A normal condition

A partially closed valve

A partially filled reservoir

A fire punp starting as a result of a water flow

When a water nmotor alarmfails to ring during a test, this my

be i

20 Do

ndi cative of:

Birds nesting in the gong cover

An open drain on the retard chanber

Det achnent of shaft couplings on the water notor
Al of the above

Correct methods for determining where | eaks are occurring in dry
pi pe systems are:

a.
b.

C.
d.

The
encl

20T o

o
<

o Do

Fill piping with pressurized water and check for |eaks

Fill piping with combustible gas and use a flame at the joints to
check for |eaks

Add a strong snelling oil to the air supply and check for odors
Paint fittings with a soapy water solution and check for bubbles

m ni mum t enperature which nmust be naintained in a dry pipe
osure is:

32°F
42° F
52° F
62° F

pi pe valves should be trip tested:

Annual |'y
Sem annual |y

Quarterly
Every other year

Wien resetting dry pipe valves, the main control valve should be
open.

a.

The

True b. Fal se

air supply valves from manual ly operated conpressors to dry

pi pe systens should be open at all tines

a.

True b. Fal se

Nonfreeze systenms do not require testing other than a specific
gravity test of the nonfreeze solution.

a.

True b. Fal se
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®-15 To test heat responsive devices on deluge or pre-action systens,

use:
a. Atorch

b. A container of hot water
c. An electric test set

d. A cigarette

®-16 Precautions to be taken during an inpairnment include:

a. Stop hazardous processes

b. Posting of a fire watch

c. Provide an energency water supply
d. Al of the above

@®-17 To convert a wet pipe sprinkler systemto a dry pipe sprinkler
system only the replacement of the alarmcheck valve with a dry
pi pe valve is needed.

a. True b, Fal se

®-18 A hydrostatic test is perforned prior to restoring a deactivated
sprinkler system to service when:

The systemis a dry pipe sprinkler system

The system has been danaged by fire or freezing

The system has been out of service for nore than 1 year

The system has been extensively repaired, altered or extended

oo @

®-19 To determine if a post indicator valve is open, the target should
be checked to see that it reads “open.”

a. True h. False
®-20 The purpose of operating an above-ground gate valve is to:
a. Prevent the valve from sticking
b. G ve nmintenance personnel exercise
¢c. Insure the valve stemis of sufficient |ength
d. None of the above
@®-21 Check valves do not require maintenance
a. True b. False
@®-22 Registers in water neters may be inpaired by:
a Wear on noving parts through |ong, constant service
b. Inactivity for long periods of tine
c
d

Chemicals in the water supply
Sedimentation in the meter interior
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- 23

- 24

Q- 25

B- 26

- 27

- 28

Q- 29

Q5- 30

VWaterflow tests are performed by

a.  Using one hydrant

. Using two or nore hydrants

¢. Using no hydrants and calculating the supply by fornula
based on pressure

d. None of the above

Met hods to thaw frozen fire hydrants include:

a. Using portable heaters

b. Injecting live steam into the hydrant

¢. Placing alum num chi ps and caustic soda in the hydrant
barrel and adding 1 cup of water

d. Al of the above

When filling a suction or gravity tank, water should not be
allowed to flow out of the overflow pipe

a. True b. Fal se

The purpose for keeping the roof hatch covered on gravity tanks
is to:

Prevent w nd danage

Prevent stagnation of water
Keep out birds

Conserve heat in wnter

coo ®

When examining gravity tank sway bracing for corrosion, the nost
likely place to find corrosion is:

a At turn buckles

b. On rods

¢c. Under clevis pins and rod |oops

d. On top of clevis pins and rod |oops

Concrete tanks which are experiencing seepage nust be repaired
fromthe inside when the tank is enpty.

a. True h. False
Fabric tanks require periodic painting.
a. True h. False

Heating systens for water tanks should be operated before
freezing weather occurs.

a. True b. False
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®-31 An indication that cathodic protection electrodes are
deteriorating is:

A high current flow on an ameter

A pulsing of current flow on an ammeter
A low current flow on an ammeter

No current flow on an ammreter

o0 oo

®-32 Engine driven fire punps should be started weekly and run at:

Full speed for 30 mnutes

One-hal f full speed for 30 ninutes
Full speed for 15 minutes

One-hal f full speed for 1 hour

oo o

@®-33 The nminimum fuel supply duration for an engine driven tire punp
is:

4 hours
8 hours
12 hours
24 hours

oo o ®

®-34 A standard fire punp is capable of producing 100% of rated flow
at 100% of rated pressure (head) and 150% of rated flow at of

rated head.
a.  50%

b. 65%

c. 100%
d.  150%
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CHAPTER 6. FOAM EXTI NGUI SHI NG SYSTEMS

6.1 CENERAL. Firefighting foamwas first introduced in the |ate 1800s for the
protection of coal nmines. This foamwas known as chenical foam because the
f oam bubbl es were produced by a chenical reaction. The chenical foans are now
obsolete and have been replaced by mechanical or air foam The foam bubbles
i n mechani cal foam are produced by introduction of air into special foamwater
sol utions.

Foam extinguishes fire in four ways:

. By snothering the fire and preventing air frommxing with flamable
vapors.

. By suppressing flammabl e vapors and preventing their rel ease.

. By separating flames from the fuel surface.

. By cooling the fuel and adjacent hot objects to prevent reignition.
Quality foam nust:

. Be Iight enough to flow freely and float on |ow specific gravity
flanmabl e 1i quids.

. Be strong enough to forma cohesive bl anket and resist disruption by
wi nd.

. Resi st heat.

. Resi st fuel saturation.

. Retain sufficient water to seal against hot surfaces.
The principal uses of foam are:

. Extinguish burning liquids which are lighter than water.

. Prevent ignition and fire of spills or other hazards by applying foam
bl anket s.

. Insulate and protect exposed surfaces from radiant heat.

. Extinguish fires in ordinary combustible materials such as wood,
paper, and rags.

Foans shoul d not be used as an extingui shing agent for the follow ng types
of fires:

. Flowing liquid fires, such as tank |eaks or pressure |eaks, are not
readi |y extinguished by foams alone. COther extinguishing agents,
which are conpatible with foam should be used in conjunction with
the foam
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. Fires in materials which violently react with water, such as
combustible netals (sodium phosphorus).

. Energi zed el ectrical equipnent fires because foamis a conductor of
el ectrical current.

Foam may be classified into two general categories: |ow expansion foam
and high expansion foam Low expansion foamis foam having an expansi on of
100 or less. High expansion foamis foam having an expansion of greater than
100. Expansion is the ratio of volune of foam produced to the vol ume of
solution used to generate the foam For exanple, an 8 expansion neans 800
gal lons of foam are produced from 100 gallons of solution. Wereas foamis
not toxic, in a total flooding application visibility can be appreciably
reduced, possibly causing entrapment of personnel. Protective equiprent
should be provided to allow for the rescue of trapped individuals if fire
department response is not expected to be pronpt.

6.1.1 Protection Considerations. There are two general classes of
flammabl e |iquids hydrocarbons and pol ar sol vents. Hydrocarbons are not water

mscible (do not mix with water) products, such as crude oil, gasoline, hexane
naptha, and diesel oil. Polar solvents are generally water mniscible products
such as alcohols esters and ketones. It is necessary to select the proper

foam for the specific hazard.

6.1.1.1 Concentrates. Several types of foamliquid concentrates are
avail able for different classes of flammble |iquids and storage tenperature
considerations . Each mmjor type of foam concentrate is also available in
nodified forns for use in various proportions in the water, generally 3 or
6% The types of foam concentrate are:

. Regular Protein. Protein foams are manufactured fromprotein
hydrosysate with conpounds added for foam stabilization, freezing
poi nt suppression, and preservation. Protein foans are for use on
hydrocarbon type flammable liquid fires.

. Fl uoroprotein. These foans are simlar to the regular protein foans
except a synthetic fluorocarbon surfactant has been added to inprove
the foanis firefighting performance. These inprovements include:

I ncreased extinguishing ability.
Increased ability to flow readily, known as “fluidity”.
- Dry chenical extinguishing agent conpatibility.

- Superior sealability and burnback resistance.

- Inproved properties which allow subsurface injection of these
foams into hydrocarbon fuel storage tanks.

Dr ai nage.

e Agueous Film Form ng Foam (AFFF). AFFF is a conbination of
fluorocarbon surfactants and synthetic foam ng agents. An aqueous
filmof foamsolution is produced by the action of the fluorocarbon
surfactant reducing the surface tension of the foamsolution to a
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poi nt where the fuel can actually support the foam solution. The
aqueous filmrapidly spreads across the surface of a hydrocarbon fuel
permitting a quick knock-down of the fire. The effectiveness and
durability of the agueous filmis directly influenced by the surface
tension of the hydrocarbon fuel.

AFFF is nost effective on fuels which have high surface tension, such
as kerosene, diesel fuel, and jet fuel. They are not as effective on
| ow surface tension fuels like gasoline and hexane. AFFF is designed
to drain foamsolution slowy frombubble to provide optinumfilnng
for rapid fire extinguishnent. Long term sealability and burnback
resistance are sacrificed by rapid drainage. Long termstability and
bur nback resistance can be enhanced by using air aspirating nozzles
for making foam

+ Alcohol Type Foam Flamable liquids of the polar solvent or alcohol
type present a special fire protection problem because these fuels
are water soluble. Because of this, the fuels are “dissolved” into
the water contained in the normal foans to destroy the foam bl anket.
Al cohol type foams have a special additive which forns an insol uble
barrier between the flammable liquid and the foam

6.2 LOWN EXPANSI ON FOAM SYSTEMS.  Fi xed- pi pe foam extingui shing systems usually
enpl oy | ow expansion foam as the agent.

6.2.1 Proportioning Methods. Foamis produced by blowing air into a
solution of water and foam concentrate. This solution is obtained with
proportioning equipment. Correct foamliquid proportioning is essential to
produce foam of optimm quality. Several nethods of proportioning are
described bel ow

6.2.1.1 Line Proportioning. Line proportioning is primarily used for
portable equipnent but it is also used for some fixed installations. Line
proportioners are in the formof a venturi. \ater under pressure flow ng
through the venturi creates a vacuum which inducts foam!liquid concentrate
into the water stream (Figure 6-1). Line proportioners offer an inexpensive
met hod of proportioning when the water supply pressure is reasonably high.
Each proportioner is designed for a specified discharge rate based on a given
water pressure. Changes in water pressure cause correspondi ng changes in
di scharge quantity and proportioning which requires a change in the venturi.
The pressure drop through the venturi section of the line proportioner is
approximately one-third of the inlet pressure.

6.2.1.2 Pressure Proportioning. A pressure proportioning system
(Figure 6-2) uses a venturi or orifice to create a pressure differential with
water flowing through the device. A portion of the water is diverted to the
foam liquid storage tank to pressurize it. The water pressure in the tank
forces the foamliquid into the low pressure area of the venturi. The
differential across the venturi varies in proportion to the volune of water
flow, so that one venturi wll proportion properly over a wde range of flows.
The pressure drop through this unit is relatively low and this nmethod can be
used with |ower pressure water supplies. During use, water displaces the foam
supply in the tank and prevents the foam liquid from being replenished. Wen
the foam concentrate supply is exhausted, the system nust be shut off and the
water in the foam concentrate tank drained.
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6.2.1.3 Pressure Proportioning Tank. This nmethod operates exactly
the same as the pressure proportioning system However, the foam storage tank
has a diaphragm Because of the diaphragm this type of tank is often
referred to as a bladder tank (see Figure 6-3). During operation, water flows
into the tank and squeezes out the foamliquid by pressing on the di aphragm

FI GURE 6-3
BLADDER TANK AND HOSE REEL SYSTEM

6.2.1.4 Balanced Pressure Proportioning. This frequently used method
is able to autonatically proportion foamover a w de range of flow rates. The
bal anced pressure proportioning system (Figure 6-4) uses two orifices: one
for the water supply and the other for the foam supply, which is approxinmately
3 or 6%of the area of the water supply orifice, depending on the foam
concentration to be provided. These orifices discharge into a common | ow
pressure area. To provide correct proportioning, the inlet pressures to the
two orifices nust be equal. The orifice inlet pressures are governed by a
di aphragm valve in the foam liquid piping. This valve is controlled by
pressure sensing lines fromthe upstream side of the water and foam supply
orifices. The diaphragm val ve automatically adjusts the foamliquid pressure
to the water pressure. Gauges are used for manual operation and a valve on
the foamliquid bypass line is adjusted to keep the pressures equal
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6.2.1.5 Around-the-Punp-Proportioning. This method has a small line
fromthe discharge of the water punp tied back into the punp suction line. An
eductor is placed in the line and is connected to the foamliquid supply
(Figure 6-5). This nethod requires that the gauge pressure on the suction
side of the punp be zero or negative (vacuum). The principle of operation is
the sane as line proportioning.

FOAM

WATER LiQuio
TANK TANK
T il

BALL
1 1 SHUT.OFF VALVE
FOAM METERING VALVE\ /
3/4"
BALL CHECK VALVE . PRESSURE A

| CIRCULATING FOAM FLUSH
EDUCTOR BALL VALVE VALVE

1-1/2'" \ \\. -

3/4"

CHECK VALVE . 374"

TN

1-1/2° —
[R®)
—{ | 3 —>
A DISCHARGE
= OUTLETS
A o -

I

: ; l J / WATER PUMP
(THROTTLE BELOW 10PSIG) \/

FI GURE 6-5
ARCUND- THE- PUMP PROPORTI ONER | NSTALLATI ON

6. 2.2 Foam Makers. Foam makers convert the solution into foam bubbles.

6.2.2.1 Low Back Pressure Foam Makers. Low back pressure foam makers
include foam nozzles, foam chambers, foamwater sprinklers, and other special
devices. The foam makers operate by aspiration, causing turbulence. Foamis
produced by the contact of the
foam water solution and the
turbulent air. Foam expansion
depends on the type of foam
liquid, design of the foam naker, L o f
water quality, water tenperature :
and inlet pressure to the foam
meker.  Most foam nozzles (Figure

'

6-6) produce an expansion ratio of -
8 to 10 times the solution vol une. A’g
Foam chanbers (Figure 6-7) provide '
an expansion ratio of 5 to 7. An %

expansion ratio of 3 to 6 are
usual Iy produced by foam water
sprinklers (Figure 6-8) or other
spray devices.
FI GURE 6-6
MONI TOR- MOUNTED FOAM NCOZZLE
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6.2.2.2 Hgh Back Pressure Foam Makers.
These devices (Figure 6-9) are generally
used for subsurface injection of foaminto
flammable liquid storage tanks. Foamis
produced when air is drawn in via the
strainer and mxes with the foam
concentrate. This application requires that
the foam after being fornmed, has a residua
pressure so that it can be forced agai nst
the positive head to the surface of the tank
(Figure 6-10). Expansion in these foans is
smal | (approximately two to four tinmes
solution volunme) to reduce fuel pickup while
the foam travels through the fuel to the
surf ace.

FI GURE 6-8
FOAM WATER SPRI NKLERS

HIBH BACK PRESSURE FOAM MAKER

AlR INLET STRMNER\ \\ SWING CHECK VALVE

GATE VALVE

FOAM SOLUTION PIPING PRODUCT OR FOAM LINE

FI GURE 6-9
H GH BACK PRESSURE FOAM MAKER

6.3 H GH EXPANSI ON FOAM SYSTEMS.  Hi gh expansi on foam has an expansion ratio
from 1:100 to 1:1000. These foans can transport water to inaccessible

| ocations and produce volunetric displacement of air, vapor, heat, and snoke
in fire situations. These systens are used for the control and extingui shnent
of Class A and Class B fires and as a flooding agent for use in confined areas.

Hi gh expansion foamfights fire in the follow ng ways:

. When generated in sufficient volunme, the foamprevents air, which is
necessary for continued conbustion, fromreaching the fire.

. VWhen forced into the heat of a fire, the water in the foamis
converted to steam reducing the oxygen concentration by diluting the
air.

. Converting water to steam absorbs heat from the burning fuel
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e The relatively Iow surface tension of the foam solution, which is not
converted to steam penetrates Cass A mterials.

« Wen accunulated in depth, the foam provides an insulating barrier to
protect exposed materials or structures and prevent fire spread.

TANK SHELL

FI GURE 6-10
TYPI CAL HI GH BACK PRESSURE FCOAM DI SCHARGE CONNECTI ONS AT TANK

6.3.1 Foam Concentrates. Hi gh expansi on foam concentrates are different
from | ow expansion foam concentrates; they are not interchangeable. Only high
expansi on foam concentrates can be used in high expansion foamsystenms. High
expansi on foam concentrates are usually proportioned at 1.5%

FOAM SCREEN- FOAM 6.3.2 Foam Cenerators. There are
TURBULENCE \ two types of foam generators for
CHAMBER \ N produci ng high expansion foam

6.3.2.1 Aspirator Type. The
aspirator (Figure 6-11) produces foam

Wi th expansion ratios of |ess than
[gg‘:gmh‘ 250:1. Jet streans of foam solution
/,,,LE, FOAM SPRAY entrain the surrounding air. The
" soLuTioN m xture is then passed through a screen
whi ch produces the foam
FI GURE 6-11
ASPI RATI NG TYPE HI GH EXPANSI ON 6.3.2.2 Blower Type. This type
FCAM GENERATOR of generator is nost conmon. A fan
powered by a water notor or an electric
motor blows air through a screen (Figure 6-12). In the case of the water

powered unit, the foam solution first passes through the water notor, which
powers the fan, and is then discharged onto the screen. The air stream
passing through the screen produces the foam Electric notor driven fans are
also used. \Water powered generators require a water pressure at the generator
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. /Qg‘;zi%@og of 70 psi. Electric powered generators
v AR FLOW /// L require a pressure of 15 psi at the unit.
At
PRIME T ‘;o:ogg
Mover - (F’% ~__ 3% 6.4 ASSOCIATED ALARM SYSTEMS. The alarm
f AN \tz&é’ﬁé’ systems described in Chapters 2 and 3
U \\i%cz%‘j)o: can be used to activate foam extin-
Ve 1 N gui shing systens. There are some
LJ special considerations for alarm systens

SO UTION used in this way.

Fast Response. Foamis used as
an extinguishing agent in

speci al hazard situations which
require pronpt application of
the extinguishing agent. The
detector response tine is an

“ﬁ*—m.:sgu N‘J‘:.“‘“zuwum i o N inportant factor affecting the
LJW Bt = speed of agent release. Optical
Y Y vy o type detectors which pronptly
_ ‘ s sense infrared or ultraviolet

radiation froma fire are
frequently used.

Cross Zoning. Fast acting
detectors occasionally cause
spurious alarms which may result
in the unwanted release of the
extingui shing agent. One
solution to this tendency is
cross zoning. Detectors in an
area are divided into two groups
and connected as separate zones
to the control unit. Actuation
of at |east one detector from
each zone is required before the
extinguishing agent is released.
If only one detector is
actuated, an alarmis caused,

A % £, | but no agent is released. In
as-u Q\j | I - 3 the case of small fires, this

i : ermts use of a portable
§|%H;E?L§3 L , Fe):xti ngui sher. prresponse to
: . : ; the alarmis slow and the fire
continues to grow, a detector
fromthe second zone is actuated

and the extinguishing agent is
rel eased.

Expl osi on Proof Equi prent.

El ectrical alarm equi pnment

| ocated in the hazardous
environment nust be designed for
the application. Usually

FI GURE 6-12
BLONER TYPE HI GH EXPANSI ON FOAM GENERATCR
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only detectors and associated conduit and junction boxes cannot be
| ocated in other, |ess hazardous, areas. Detectors and junction
boxes for the hazardous environment nust be explosion proof and the
heavy wall, rigid conduit must be used.

6.4.1 Initiating Devices. Initiating devices used with alarm systens for
causi ng agent release are usually electrical, high speed infrared or
ultraviolet detectors (discussed in Chapters 2 and 3). Factors affecting
detector effectiveness such as electrical power and air pressure, if
pertinent, are electrically supervised.

One or two manual nethods to activate the foam system are usually
provided. An electrical manual initiating device, simlar to the noncoded
manual devi ces described in Chapters 2 and 3, may be connected to the alarm
system control unit to cause inmediate foam di scharge regardl ess of any cross
zoning, or it may be electrically connected directly to cause foam rel ease,

i ndependent of the alarm system Manual release usually causes an al arm by
actuation of a pressure switch simlar to those used to detect sprinkler
waterflow, described in Chapter 2. The manual nethod for foamrel ease may
also be a direct nechanical actuation of a control valve, independent of any
al arm system

6.4.2 Crcuit Arrangement and Function. The normal circuit arrangenent
for a building alarm system which causes foam agent rel ease includes an
auxiliary alarmoutput fromthe control unit which causes electrical actuation
of a solenoid operated water control valve or other actuating device. Another
auxiliary alarmcontact closure or voltage output may be connected to start a
punp, if required by the particular foam system The power supply for
detectors may be the main power supply for the building alarmsystemor an
i ndependent supply of a similar type.

6.4.3 Alerting Devices. Alerting devices should be provided outside of an
area protected with a total flooding system warning people that the system
has been discharged. The alerting nmeans nay consist of a visual indication.

A warni ng sign should also be included to discourage unauthorized personnel
from entering the roomuntil the agent is renoved.
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CHAPTER 6.  SELF- STUDY QUESTI ONS
Instructions: Select the correct answer(s) for each of the follow ng
questi ons.
@®-1 Mechanical foamis produced by:
M xing water with air foam concentrate
M xi ng chem cal foam concentrates and heating
Introducing air into foamwater sol utions

c. Introducing electric current into foam concentrate

@®-2 Firefighting foans are generally used for the following types of

fires:
a.  Flammable [liquids c. FElectrical equipment
b. Odinary conbustibles d. Al of the above
@®-3 The two npbst commpbn proportioning rates for | ow expansion foam
are:
a. 2% b. 3% c. 5% d. 6% e. 9%

@®-4 Foam concentrates may be interchanged when used for specific
hazar ds.

a. True b. Fal se
@®-5 Aqueous filmformng foam (AFFF) is nobst effective on fires of:

a. Electrical equipnment c. Hexane
b. Gasoline d. Kerosene

@®-6 The nost common type of proportioning used for automatic propor-
tioning over a wide range of flow rates is:

a. Line proportioning ¢. Balanced pressure proportioning
b. Pressure proportioning d. Around-the-punp proportioning

@-7 The anount of foam expansion depends on:

The type of foamliquid

The foam maker

Water quality, tenperature, and pressure
Al'l of the above

-8 High expansion foam can be produced by injecting fluoroprotein
foam concentrate into a high expansion foam generator.

a. True b. Fal se
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CHAPTER 7. I NSPECTI ON, TESTING AND MAI NTENANCE OF FOAM SYSTEMS

| nspect all systens annually to ensure that they are in full operating
condition. Regular service contracts with the manufacturer or installer are
reconmence d. Recommended inspection and test frequencies for foam systens are
sumarized in Table 7-1

TABLE 7-1
SUMMARY OF | NSPECTI ON AND TEST FREQUENCI ES FOR FOAM SYSTEMS
Every
| tern Monthly |Quarterly | Annually 3 Yr

1. Check foam concentrate level in tank’ X
2. Inspect foam concentrate storage X

containers for corrosion
3. Check foam concentrate quality X
4. Insure all valves are in correct X

position
5. Check water supply pressures X
6. Inspect foam system piping X
7. Visually inspect proportioning X

devices, punps, and foam nakers
8. (perate punps and all systens X

wi t hout producing foam
9. Insure all interlocks and closures X

operate correctly
10. Operate foam punps and all systens X

wi th foam di scharge

*For supervised systens inspection can be performed annually or during routine
facility inspections, whichever is nore frequent
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7.1 LOW EXPANSI ON FOAM SYSTEMS. | nspect and test conmponents of | ow expansion
foam systens as foll ows:

o« Foam Producing Equiprment. Visually inspect for physical damage to
proportioning devices, their accessory equi pment, hose, and foam
makers nmonthly. In addition, check to see that foam makers are
oriented in proper position and direction as required for effective
operation (especially turret and oscillating nozzles)

. Concentr at es. Check concentrate level in tanks nonthly. | nspect
foam concentrates and their tanks or storage containers quarterly for
evi dence of excessive sludging or deterioration. Submt sanples of
concentrate to the manufacturer or qualified |aboratory to test and
ascertain foam quality.

. Di scharge. Operate all systens and allow sone foam to be discharged
every 3 years. A laboratory type field test of foam should be
perforned annually to check the physical characteristics of the foam
as delivered (see section 7.3). Contact a qualified manufacturer or
installer for this service.

. Strainers. I nspect and clean strainers after any discharge of foam
whet her for a test or a fire.

. Valves. Monthly insure all valves in foamsystemare in correct
posi tion.

Water Supply. Check water supply pressure nonthly,

. Pumps . Operate punps and all systems, without producing foam
quarterly.

. Piping. Exam ne aboveground piping to determne its condition and
that proper drainage pitch is maintained. Make pressure tests of
nornal 'y dry piping when visual inspection indicates questionable
strength due to corrosion or nechanical damage. Spot check
underground piping for deterioration at |east every 5 years (see
Chapter 5).

7.2 H GH EXPANSI ON FOAM SYSTEMS.  Hi gh expansion foam systens should be tested
and maintained as follows:

. Foam Produci ng Equi pnment. Visually inspect all foam concentrate

punps, tanks, lines, and proportioners for damage or |eaks nonthly.
Check and inspect all high expansion foam systens annually for proper
operation

o« Concentrates. Check foam concentrate level in tanks nonthly. Any
changes in the foam concentrate which indicate deterioration in
qual ity should be checked annually. A laboratory analysis of foam
quality should be perforned annually by the manufacturer or qualified
| aboratory.

. Di scharge. Performa discharge test every 3 years or when any
i nspection indicates the need for such a test, i.e. reduced water
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supply pressure. As a part of the discharge test, distribution
patterns of the foam shoul d be observed and conpared to that from
previous tests.

. Strainers. Inspect and clean strainers after any discharge of foam
whet her for a test or a fire.

. Valves. Insure all valves in foamsystemare in correct position
mont hl y.

« \Water Supply. Check water supply pressure nonthly.

. Interlocks. Insure all interlocks and closures to protected area
operate correctly, quarterly.

. Punp s . Operate all concentrate punps, without discharging foam
quarterly.

7.3 FOAM QUALITY. The foam concentrate, foam solution and foam shoul d be
sanpl ed on an annual basis to check for any changes in quality which would
alter the effectiveness of the foam Changes in quality may result from
degradation due to aging, contami nation or other effects. The details of the
conpl ete sanpling and testing procedure are included in NFPA 11, Standard for
Low Expansi on Foam and Conbi ned Agent Systens, and NFPA 412, Standard for

Eval uati ng Foam Fire Fighting Equi pment on Aircraft Rescue and Fire Fighting
Vehi cl es.

7.3.1 Foam Concentrate. Foam concentrate quality deterioration can be
observed by characteristics such as excessive sludging, a yellowtint, and an
especially foul odor. Attention should be given to the “shelf life” of the
foam concentrate

7.3.2 Foam Solution. Foam solutions can be checked for proper
proportioning. The purpose of these tests are to check the proportioning
equi pnent and to detect any presence of contamnants. The test can be
performed by field personnel, though |aboratory personnel nmay be contacted to
observe and supervise or to conpletely conduct the test.

A conprehensive description of the test is included in NFPA 11 and NFPA
412.  The refractive index of the solution is used as a neans of neasuring the
proportion of foam concentrate. However, variations in water quality and
differences in foam concentrates fromone manufacturer to another can
significantly “affect the refractive index of foam solutions. Annually, a
cal i bration curve should be constructed of foam concentrate proportion versus
refractive index since water quality and foam concentrate properties can
change with tine.

A calibration curve is prepared by neasuring the refractive index of at
| east three carefully nade foam sol utions of different foam concentrate to
water proportions. The three foam sol utions nust be manually nmade using a
graduated cylinder. The foam concentrate and water are extracted fromthe
supply source such as a holding tank. The specific proportions of foam
concentrate and water used for the carefully nmade foam sol uti ons shoul d be
sel ected such that one foam concentrate proportion is greater than, one is
approximately equal to, and the other is less than that expected from the
proportioner. For exanple, if the proportioner is set to provide a 3.0
percent foam solution, specially-nmade foam solutions of 1.5, 3.0 and 4.5
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percent foam concentrate proportions are suggested. A 3.0 percent foam
solution is nade by mixing 3 parts (e.g. 3 mlliliters) of foam concentrate
with 97 parts (e.g. 97 milliliters) of water.

The refractive index of each of the three specially-made solutions is
measured using a refractometer. A graph of the refractive index versus the
foam concentrate proportion for the three foam solutions is constructed. The
calibration curve is established by sketching a smoboth curve which best
connects the three points. Then, the foam solution fromthe proportioner of
interest can be collected and the refractive index nmeasured. The foam
concentrate proportion of this foam solution can now be deternined using the
graph with the calibration curve

7.3.3 Foam Foamqualities of interest include expansion and drainage
time. These two qualities are best determ ned by |aboratory personnel or
representatives of the manufacturer/supplier because of equiprment linita-
tions. If available, a sanpling trap or collector described and illustrated
in NFPA 11 and NFPA 412 should be used to collect foam sanples for analysis.

7.4 ASSOCI ATED ALARM SYSTEMS. Test cross zoned detectors and foam rel easing
devices without actually releasing foam Tests and maintenance of detectors,
circuits, control units, annunciators and power supplies are as described in
Chapter 3. Some alarmsystemtest steps in addition to those described in
Chapter 3 are needed.

7.4.1 Electrical Release Devices. Test foam systemelectrical rel ease
devices for proper function annually in conjunction with the annual discharge
test. For a realistic test, it should be conbined with tests of detectors and
the total alarm system |If an actual foamdischarge test is not needed, close
control valves ahead of the alarm actuated val ve(s), and di sable any punp
associated with foam discharge. \Wen alarmconditions for foam discharge have
been caused, solenoid actuation of the rel ease valve should be evident from
the “thunmp” sound. Check relay actuation to cause punp starting or other
auxiliary functions. Return equipnent to its normal condition after testing

If the release device fails to operate, check voltage to the device at the
control unit and at the device with the control unit in the alarmcondition
If voltages are inproper, troubleshoot the control unit or circuit as
indicated. Cross zoned systens require an alarmcondition on both initiating
circuits in an area to activate the foamrel ease sol enoi d val ve and associ at ed
functions. If voltages are proper, check solenoid continuity with one side of
the circuit open to the control unit. Solenoid resistance should normally be
a few ohms.  An open solenoid should be replaced. Measure coil current with
an ammeter in series if a short circuited or partially short circuited
solenoid is suspected. |If the solenoid fails to operate with coil current of
several anperes flowing, the solenoid coil is probably short circuited
internally and should be replaced. Retest after solenoid replacement. After
testing, return manual control valves to the normal, open condition which were
previously closed to prevent the discharge of foam

7.4.2 Goss Zoning. Test cross zoned systens annually when the electrica
foam rel ease device is tested. Confirmthat alternate detectors in an area
are connected to one of the cross zoned initiating circuits and that the
remai ning detectors are connected to the other circuit for that area. Prepare
a diagramfor future reference if not already available in the control unit.

Troubl eshooting of a cross zoned initiating circuit is the same as for any
other initiating circuit of the same class (see Chapter 3).
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CHAPTER 7.  SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
questions:

Q7-1 Foam produci ng equi pnent should be checked by?

a. Producing foam weekly

b. Renoving and pressure testing hose and foam makers weekly
c. Visually inspecting all equipnment weekly

d.  None of the above

Q7-2 Strainers for foam systens should be cleaned and checked after each use?

a.  Weekly

b. Quarterly

C. Annually

d.  None of the above

Q7-3 Foam concentrate quality deterioration can be observed by?

Excessive sl udging
Yellow tint

Foul odor

Al of the above

oD o
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CHAPTER 8.  GASEQUS EXTI NGUI SHI NG SYSTEMS

8.1 GENERAL. Gaseous extinguishing systenms can be divided into three genera
cat egori es:

8.1.1 Local Application Systems. Local application systens are arranged
to discharge the agent onto and around the burning material. They are
commonly used for protection of l|ocalized hazards such as paint dip tanks
restaurant range hoods, and special notors

8.1.2 Total Flooding Systems. Total flooding systens are arranged to
di scharge the agent into and conpletely fill an enclosed space or enclosure
about the hazard to the proper concentration for extinguishment. These types
of systens are comonly found in flamable |iquid storage roons, electronic
equi pnent rooms, conputer installations and transformer vaults containing oi
filled equipnent.

8.1.3 Hose Line Systens. Hose line systems discharge the extinguishing
agent through manual |y operated nozzl es connected by hose or by fixed piping
and hose, to a fixed supply. At the present time, carbon dioxide is the only
gaseous type extinguishing agent approved for manual hose l|ine systens.

8.2 CARBON DI OXI DE SYSTEMS. Carbon dioxide is a colorless, odorless, inert
gas at room tenperature. It is also heavier than air. The gas is noncorrosive
and electrically nonconductive. There are two general nethods of applying
carbon dioxide to extinguish a fire.

Method one is to create an inert atnosphere in the enclosure or roomin
which the hazard is located, |In cases where deep-seated fires are likely,
it is necessary to maintain this inert atnmosphere in the enclosure for a
period of time until extinguishment is conplete. This nethod is known as
total flooding.

Met hod two is to discharge carbon dioxide at the surface of |iquids or
noncombusti bl e surfaces coated with flanmmable |iquids or |ight deposits of
conbustible residues. This method is known as |ocal application. No
enclosure is needed around the hazard, but it is essential in |oca
application that the fire be conpletely extinguished w thout any
possibility of reignition.

As carbon dioxide is electrically nonconductive, it is used extensively
for the protection of electrical equipnment. The nondanagi ng characteristics
of carbon dioxide nake it attractive as an agent for rooms containing high
val ue contents such as conputer rooms and conputer tape vaults. In addition,
no post-fire clean-up is needed because of carbon dioxide discharge

Di scharging large quantities of carbon dioxide to extinguish fires nmay

create hazards to personnel. A carbon dioxide cloud fromthe discharge may
seriously interfere with visibility during and i mediately after the di scharge
peri od. In addition, the noise of discharge may frighten people who have not

experienced it previously or been prepared as to what to expect. At
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concentrations typically required for extinguishment in total flooding
systens, carbon dioxide may cause serious harm possibly death. Oxygen
deficient atnospheres will be produced where extingui shment depends on
creating such an atnosphere in an encl osed space or room especially in roomns
with total flooding systems. They also may be produced by any |arge vol unme of
carbon dioxide drifting and settling in adjacent |ow spaces, such as cellars,
tunnels, or pits.

Hazards of oxygen deficient atnobspheres can be controlled by installing
warning systems and devices, establishing specific enmergency procedures,
del ayi ng di scharge of the carbon dioxide, and by other similar steps.
Protective equi pnent should be provided to permt the rescue of personnel
trapped in the room if fire departnent response is not expected to be pronpt.

The principal property limting the use of carbon dioxide is its |ow
cooling capacity conpared with water. The problem of providing enough carbon
di oxi de to extinguish some types of fire conpletely w thout danger of
reignition, may rule out using a carbon dioxide system despite other factors
that may nmake its use desirable.

Carbon dioxide used as an ENGLISH UNITS

extinguishing agent is stored in I TEED TR TOR T T
liquid form under its own vapor o F L B (e e L T
pressure, providing its own pressure =2 ; bow;‘;}i‘?ﬂ % Sy =
for discharge. As long as liquid is & wid g et b
present, the pressure at a given ol o o e s v o e S e e e
tenperature is constant. As the E e B AT NEE T
liquid tenperature increases, so does g‘ ) 5 e g s e e s s o
the pressure, up to the critical N A e R S S S SRR
tenperature of 87.8°F. Above this © e pres SO g
point no liquid is present, and i e e e e g S R RS RSN e =
pr eSSUI‘e depends on percent fl I I I ng -'OO |200i4;0r600480 1000“!’240»04;4‘;7);;6’0;1FQBW.?OOO‘N({)O'Z‘iOA@]?MS.T;}O
(Figure 8-1). PRESSURE ~ LBS. PER SQ IN.

There are two general types of
carbon dioxi de extinguishing FI GURE 8-1
systems:  high pressure and | ow PRESSURE | N CARBON DI OXI DE CYLI NDERS AT
pressure. VAR QUS TEMPERATURES

FLEXIBLE SUPPLY LINE ry ELECTRIC
8.2.1 High Pressure Systens. DISCHARGE LOOP romzmo\:«i CONTROL HEAD

H gh pressure cylinders are used to T )
store liquid carbon dioxide at AN
ambient tenperature (Figure 8-2).

Nor mal cylinder pressure is nomnally
600 psi. The pressure inside the
cylinder is directly affected by the

PILOT

temperature where the cylinder is CYLINDERS

placed.  The nmaxi num al |l owabl e
tenperature for storage areas is
130°F and the minimmis 32°F.
Overfilling the cylinder can
cause overpressurization. An
increase in tenperature causes the

liquid inside the cylinder to expand. FI GURE 8-2

This expansion does not increase pressure TYPI CAL CYLI NDER ARRANGEMENT FOR
inside the cylinder if there is a vapor H GH PRESSURE CARBON DI OXI DE SYSTEM
space for the liquid to expand into.

However, if the container becomes full, pressure rises rapidly with an

increase in tenperature. To prevent this type of overpressurization,
cylinders are filled with carbon di oxi de equivalent to 68% of the weight of
water the cylinder can hold at 60°F.
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For safety purposes, the high pressure cylinders have a frangible disc
designed to burst at 3,000 psi to prevent rupture of the cylinder as a result
of overpressurization

8.2.2 Low Pressure Systens. Low pressure systens use a pressure vesse
mai ntained at O°F by insulation and refrigeration equi pment (Figure 8-3). At
this tenperature and with the pressure of approxinmately 300 psi inside the
container, the carbon dioxide is stored as a liquid. The filling density wll
not affect the pressure in the tank as long as vapor space is available for
liquid expansion.

Because the storage container is nechanically kept at |ow tenperature, the
containers are usually filled to 90 to 95% of capacity. For safety purposes
relief valves are provided to prevent overpressurization. The relief valves
have a di aphragm valve set to bleed off vapor if the pressure exceeds 341 psi,
and a relief valve set to operate at 357 psi for a nore rapid release if the
pressure continues to rise. There is also a frangible disc designed to burst
at 600 psi.

2) @ 19
3
Pl ocprge p s
1 o ‘ ) ,
: }‘r‘ ; Nr/ ; H
oS L S R
3 I

1. Carbon dioxide pressure gage 17. Cooling caoil

2. Carbon dioxide liquid-level gage 18. Manual shutoff valve

3. Bleeder relief valve, 341-lb (2350 kPa) (23.5 bars) 19. Master discharge valve
diaphragm type 20. Carbon dioxide gas-pressure pipe from discharge control

4. Pressure-relief-valve  selector 21. Carbon dioxide supply pipe to selector valves

5. Pressure-relief valves, 357-b (2460 kPa) (24.6 bars) 22. 90 percent carbon dioxide liquid-content check tube
spring-loaded type with control valve

6. carbon dioxide filling connection 23. Discharge test horn for checking carbon dioxide

7. Refrigerating unit liquid content

8. Carbon dioxide vapor-equalizing pipe 24. 100 percent carbon dioxide liquid-content check

9. Carbon dioxide liquid-filling pipe tube with control valve

10. Dip tube 25. Carbon dioxide gas-pressure supply pipe to discharge

11. Pressure vessel, ASME Code control

12. Carbon dioxide liquid 26. Pressure relief, 600-lb (4140 kPa) (41.4 bars)

13. Insulation, 5-in. (1 27-mm) cork frangible-disk type

14. Manway cover 27. Pressure-relief vent to atmosphere

15. Carbon dioxide vapor
16. Sheet-metel outer casing

FI GURE 8-3
REFRI GERATED LOW PRESSURE CARBON DI OXI DE STORAGE TANK
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8.2.3 Conparison of Low and Hi gh Pressure Systems. A conparison of the
characteristics of both | ow and high pressure carbon di oxi de systens is
discussed in the follow ng sections

8.2.3.1 Service and M ntenance. Low pressure storage units have a
liquid |l evel gauge which continuously nmonitors the amount of carbon dioxide in
st orage. In addition, the refrigeration systemfor |ow pressure systens nust
be checked periodically. High pressure cylinder systens require weighing the
cylinders to determine the quantity of carbon dioxide (see Chapter 9).

8.2.3.2 Design Quantities. H gh pressure systens pernit storage of
al rost the exact amount of carbon dioxide required to protect the hazard
because of the flexibility and selection of cylinders available, ranging in
size from5 to 100 pounds. The smallest |ow pressure systemis 750 pounds.

8.2.3.3 Hydrostatic Testing. Hi gh pressure cylinders are required to
be refilled and hydrostatically tested once every 12 years. Low pressure
systems do not require periodic refilling or hydrostatic testing

8.2.3.4 Discharge Rate. Pressures in high pressure cylinders are
directly affected by ambient tenperatures which, in turn, affect the discharge
rate of the carbon dioxide. Low pressure systens keep the liquid carbon
di oxi de at approxinmately 0°F and 300 psi at all tines, which assures a nore
predi ctabl e discharge rate.

8.2.3.5 Miltiple Hazard Protection. Low pressure systems allow
automatic, simultaneous discharge for nore than one hazard area on an
engi neered basis. Hose reels can also be attached to these systens to operate
sinul taneously with hazard protection.

8.2.3.6 Reserve Supply. For |ow pressure systens a reserve supply
can be provided by nerely increasing the storage unit size. High pressure
systenms require a conplicated manifolding and val ving arrangenent to achieve a
reserve supply. After one discharge, the reserve supply provides standby
protection during the time period required to recharge the storage unit to
full capacity.

8.2.3.7 Wight and Storage Space Requirenents. High pressure systens
require approximately 3 pounds of equipnent for every pound of stored carbon
di oxi de. Low pressure systens require less than 2 pounds of equipment for
every pound of stored carbon dioxide. Usually, |ow pressure systens require
less floor space for storage of equal anounts of carbon dioxide. In many
i nstances | ow pressure storage containers are placed outside of the
buil dings. Because of the space requirenents, |ow pressure systens are often
used when a large anount of carbon dioxide is required. Hi gh pressure systemns
allow flexibility in space requirenents since nultiple cylinder banks nmay be
stored in several smaller locations. Low pressure units require one |arge
single area for the refrigerated storage unit.

8.2.4 Qperating Devices. Release of the agent occurs through operation of
the Control and Release portion of the system The Control and Rel ease
portion consists of a cylinder valve, discharge head and control head (see
Figure 8-4).
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FI GURE 8-4
CARBON DI OXI DE CONTROL AND RELEASE PORTI ON

Pressure from the stored carbon

di oxi de acts on the discharge and
pilot seats, illustrated in Figure
8-5, to keep the seats closed,
preventing gas escape. Upon
operation of an electric or pneunatic
control head, the pilot seat is
opened, pernitting discharge of the
gas. The position of all parts in
the Control and Rel ease portion
during gas discharge is illustrated
in Figure 8-6.

In high pressure systems having
three or more cylinders, at least two
cylinders are actuated directly by
rel ease devices and are called pilot
cylinders.  The other cylinders,

referred to as “slave cylinders”, FI GURE 8-5

are usually operated by the pressure CARBON DI OXI DE PNEUMATI C CONTROL HEAD
of carbon dioxide released from the

pilot cylinders. In systems having two cylinders, one serves as the pil ot

cylinder. The slave cylinders can be identified as no control head is present.

In I ow pressure systems, carbon dioxide flowis controlled by pressure
operated valves in response to a tinmer actuated by the detection system (see
Section 8.4).

8.2.5 Piping. Pipe and fittings are selected to have suitable | ow
tenmperature characteristics and good corrosion resistance inside and out.
Steel, copper, brass, and other materials having similar nechanical and
physical properties are acceptable. Ferrous netals are galvanized. Copper
tubing with suitable flared or brazed connections is also acceptable.

Mal | eabl e or ductile iron fittings neeting ASTM A-395, Grade 60-45-15, are
acceptable. Steel pipe neeting ASTM A-53 has good |ow tenperature
characteristics. Cast (gray) iron pipe and fittings are not used.

Val ves constantly under pressure in high pressure systems nust have a

m ni num burst pressure of 6,000 psi. For those conponents not under
continuous pressure, such as pipe and fittings for high pressure systens, they
have a mnimum bursting pressure of 5,000 psi. In |ow pressure systens, pipe

and fittings have a mninmum burst pressure of 1,800 psi.
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FI GURE 8-6
CARBON DI OXI DE ELECTRI C CONTROL HEAD

Between the storage tank and selector valves, black steel pipe may be used
because of the larger sizes involved and the tightness from the atnosphere.
The supply piping is usually routed so that it is not unnecessarily exposed to
hi gh tenperatures fromovens or furnaces or to direct flame inpingenment prior
to discharge. Hot piping causes excessive vaporization of carbon di oxi de and
resultant delay in effective discharge.

Pressure relief devices or other valves that prevent entrapnent of liquid
carbon dioxide nmay be installed on sections of piping that can be closed off.
On high pressure systens, relief devices should operate between 2,400 to 3,000
psi, and, on |low pressure systens, at 450 psi.

CARBON

8.2.6 Nozzles. Nozzles are of various o= ) PR
designs and discharge patterns. Two common v )
types are shown in Figure 8-7. Nozzles are

marked with a code nunber indicating the
diameter in |1/32-inch increments of a single — )
orifice standard nozzle having the sane flow T Ty STRANER
rate. A No. 5 nozzle, for exanple, has the same — 7 A N s
flow rate as a 5/32-inch-di aneter standard ‘BOWLU TYPE NOZZLE

orifice. A plus sign (+) after the nunber
indicates a |/64-inch larger size. Decimals are
sonmetinmes used to indicate sizes between the
whol e nunbers.

8.2.7 Total Flooding Systems. Total
fl oodi ng systens are used for roons, ovens,
encl osed nmachi nes, and other enclosed spaces
containing materials extinguishable by carbon
di oxi de.

For effective total flooding, the space nust

ORIFICES
be reasonably wel|l enclosed so that the carbon CARBON DIOXIDE SUPPLY ~}
di oxi de does not |eave the room before ‘U TYPE NOZZLE
extingui shnent is achieved. This is especially
inportant in areas where deep-seated fires in FI GURE 8-7

CARBON DI OXI DE NQZZLES
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ordinary conbustibles are likely, for exanple stacks of paper. Doors and
danpers must be arranged to close automatically and ventilation equiprment to
shut down autonmatically, no later than the start of the discharge. Qherw se
addi ti onal carbon di oxi de nmust be provided to conmpensate for the |eakage.

Aut omati ¢ cl osing devices for openings must be able to overcone the discharge
pressure of the carbon dioxide. Conveyors, flammable liquid punps, mxers and
ot her equi pment may be arranged to automatically shut down on actuation of the
protection system A typical arrangenment of a total flooding carbon dioxide
systemis shown in Figure 8-8.

e

D
1. Cylinder framing 10. Air-exhaust duct
2. Cylinder manifold 11. Fire door
3. Pressure-operated discharge head 12. Nozzle
4. Flexible connection 13. Actuator on ceiling
5. Alarm gong 14. Remote-control pull box
6. Remote-control cable (1/16-in.) (1.6-mm), run in 3/8-in. 15. Pressure-operated trip to release self-closing damper,
(9.5-mm) galvanized pipe or conduit with corner pulleys fire doors, and windows
et all changes in directions no bends or offsets allowed 16. Pressure-operated switches to sound alarm and shut
7. Carbon dioxide piping down fan
8. Actuator tubing, run in 1/2-in. (13-mm) conduit 17. Pneumatic-control heed with local manual control

9. Self-closing weight-operated damper

FI GURE 8-8
TOTAL FLOODI NG CARBON DI OXI DE SYSTEM | NSTALLATI ON

8.2.8 Local Application Systens. Local application systens are used to
protect |ocalized hazards such as oil-filled transformers and paint dip
tanks. Ventilating fans, conveyors, flammable |iquid punps, and m xers
associated with the operation may be interlocked to autonatically shut down on
actuation of the protection system A typical arrangenment of a | ocal
application carbon dioxide systemis shown in Figure 8-9. Nozzles should be
positioned to conpletely surround the hazard

8.2.9 Hose Line Systems. Hose line carbon dioxide systens are used to
suppl ement fixed protection systens or portable fire extinguishers for al
hazards extingui shable by carbon dioxide
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Hose line systens may be supplied either by high pressure or |ow pressure
systenms. A high pressure hose line installation is shown in Figure 8-10. The
carbon dioxide may be stored in a fixed tank, as illustrated in Figure 8-10
or on a tank mounted on a nobile vehicle.

PRESSURE
OPERATED

ACTUATOR
= /TUBVNG

<

SuPPLY

TANKSIDE
NOZILE R

1, Normal manual control, pull box, and cable

2. Pneumatic control head with emergency manual control
3, Pressure-operated switch to shut down conveyor, etc.

4. Actuator mounted under 2-by 2-ft (0.6. by 0.6-m) baffle plate
5. Tank freeboard to beat at least 6 in. (152 mm)

FI GURE 8-9 FI GURE 8-10
LOCAL APPLI CATI ON CARBON CARBON DI OXI DE HOSE LI NE
DI OXI DE SYSTEM | NSTALLATI ON SYSTEM | NSTALLATI ON

8.3 HALOGENATED GAS SYSTEMS.  Several types of hal ogenated gas systens have
been devel oped for fire protection purposes: Halon 104, Halon 1001, Hal on
1011, Halon 1202, Halon 1211, Halon 1301, and Hal on 2402. The nunbers relate
to the chemcal formulae of the gases. The first digit identifies the nunber
of carbon atons in the chenical nolecule; the second digit identifies the
nunber of fluorine atons; the third digit identifies the nunber of chlorine
atons; the fourth digit identifies the nunber of bromine atons; and a fifth
digit, if any, identifies the nunber of iodine atons present.

Prinmarily, Halon 1301 and Hal on 1211 are in general use in the United
States today. These two types are recognized by the National Fire Protection
Associ ation. The standards for their installation and use, published in the
National Fire Codes, are NFPA 12A, Standard on Hal on 1301 Fire Extinguishing
Systenms and NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systens.

Hal ogenat ed gaseous systens are usually used in the follow ng situations:
« \Were a clean extinguishing agent is needed

« \Were energized electrical or electronic circuits are to be
pr ot ect ed

o \Were flammable liquids or flanmmbl e gases are present
« \Were surface burning conbustible solids are protected

« \Were high value objects or processes need protection
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« \Were carbon dioxide is inappropriate since the area to be
protected is normally occupied by people

« \here availability of water or space for other types of systens
is limted

8.3.1 Characteristics of Halon 1301 and Halon 1211. Cenerally, Halon 1301
is used in total flooding applications. Halon 1211 or Halon 1301 may be used
for local application systens. At the present tine there is no equi pnent
approved for local application systems using hal ogenated agents. A schematic
of a typical total flooding halon systemis presented in Figure 8-11

For effective fire fighting purposes, a mninum concentration of 5% is
recommended for total flooding systens for surface fires of ordinary
conbustibles or for protecting electronic data processing or computer
equi pment.  Deep seated fires, such as in cable insulation or stacks of paper,
require nmuch greater concentrations and extended holding tines

As opposed to carbon di oxi de which extinguishes fires by displacing
oxygen, Halon 1301 and Hal on 1211 are believed to extinguish fires by
interrupting the conbustion chain reaction. Both Halon 1301 and Hal on 1211
deconpose when heated to approximately 900-1000°F. The thermal deconposition
products of both Halon 1301 and Halon 1211 including hydrogen fluoride
hydorgen bronide, hydrogen chloride, bromne and chlorine are toxic and
corrosive. Thus, Halon 1301 and Hal on 1211 systens are designed to quickly
achi eve extingui shment, thereby reducing the room tenperatures bel ow which
deconposition is not substantial. Several aspects of a testing, inspection
and mai ntenance programare related to the elimnation of detrimental factors
for prompt extinguishnent.

Hal on 1301 is the nost commonly used hal ogenated gas in use today. It is
the least toxic of any of the hal ogenated gases and does not harm personne
when concentrations are between 5 and 7% Between 7 and 10% ninor disorders
of the central nervous system may occur and above 10% unconsci ousness may
result. Because of the toxicity concerns in addition to the noise, turbulence
and | ocalized cooling effects associated with Hal on di scharge, personne
evacuation from the roomis often recommended. (For additional information on
Hal on 1301, refer to NFPA Standard 12A.) One principal use of Halon 1301 is
in conputer roomns.

Hal on 1211 is toxic to people when concentrations exceed 4% This
precludes its use as a total flooding agent for areas occupied by personnel
Hal on 1211 is nornmally used in portable extinguishers which do not allow a
significant concentration to develop in a space to cause a hazard for people.

8.3.2 Storage. Equipnent for Halon fire extinguishing systens is simlar
to that utilized for high pressure carbon dioxide systems (Section 8.2.1).
Hal on 1301 is stored in a cylinder superpressurized with nitrogen to 600 ps
(at 70°F) to provide an expellent pressure for the agent in excess of the
agent’s normal vapor pressure. Also used for Hal on agent storage are
spherical containers. Storage containers for halogenated systens are
illustrated in Figure 8-12. Since the design concentrations for halon are
typically nuch less than carbon dioxide, the amunt of halon agent stored is
also less than carbon dioxide protecting the same space

8.3.3 (Qperating Devices. Operating devices for total flooding halon
systens are sinilar to those for high pressure carbon dioxide systens,
described in section 8.2.4.
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Iltem Quantity

Description

1

1

CYLINDER ASSY. WITH 15—45 LBS. OF HALON 1301—
PRESSURIZED WITH NITROGEN to 600 PSIG @ 70° F

DISCHARGE HEAD—PILOT OPERATED

3 1 SOLENOID PILOT VALVE ASSEMBLY WITH PRESSURE
GAUGE

4 1 PILOT CONNECTION KIT CONSISTING OF 1 FLEXIBLE
PILOT HOSE—Y16" X 16" LG. AND 1 ELBOW—1/4" FLARE
X 1/4" 'M.N.P.T.

5 1 1/2" FLEXIBLE CONNECTOR

6 1 CYLINDER MOUNTING KIT

7 1 PRESSURE SWITCH—4 POLE

8 2 RADIAL NOZZLE

9 1 WARNING SIGN

10 1 SYSTEM NAMEPLATE

11 1 SYSTEM MANUAL

12 1 INSTRUCTION SIGN

System Arrangement

e

© ,L96
®
/ %" Sched. 40 Pipe\1 o
¢ @

FI GURE 8-11
TOTAL FLOODI NG HALON SYSTEM
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FI GURE 8-12
HALON STORAGE CONTAI NERS

8.3.4 Piping. Piping nust be nonconbustible, have suitable |ow
tenperature characteristics and not be highly sensitive to corrosion. geg
copper, brass, and other materials having sinilar nechanical and physica
properties are acceptable. As with carbon dioxide systems, cast (gray) iron
piping and fittings are not permitted. Pressure relief device requirements
and piping installation is simlar to that for carbon dioxide systens (see

section 8.2.5 for nmore details).
;%..;w.
r=

K A

8.3.5 Nozzles. As with carbon
di oxi de, hal on nozzles are selected for
the specific application based on
di scharge rate and gas distribution
requirenents. Nozzles are marked to
indicate the nozzle dianeter. 1|n |loca
application systens, nozzles should be
directed at the hazard protected. A Hal on
1301 nozzles for total flooding
applications are illustrated in Figure
8-13. Nozzles may be connected directly
to the storage container, thereby
elimnating the piping system (see Figure
8-14).

FI GURE 8-13
HALON NOZZLES
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DETECTOR

FI GURE 8-14
SELF- CONTAI NED HALON SYSTEM

8.4 ASSOCI ATED ALARM SYSTEMS. The al arm systens described in Chapters 2 and 3
can be used to activate gaseous extinguishing agents. However, there are sonme
speci al considerations for alarmsystens for gaseous systens because of
possible toxic effects on personnel, the need for reasonably fast response,
and reliable operation.

The response of gaseous extinguishing systems is not usually as urgent as
f oam agents, since the gaseous agents are nmore quickly discharged. Personnel
safety fromthe possible toxic effects of the agents used is another
consi deration inpacting the speed requirenent. Fixed tenmperature, rate of
rise and/or snmoke detectors are frequently used as initiating devices.

For gaseous system false discharge of the agent can be very expensive in
terms of refilling costs. Cross zoning as described for foam extinguishing
systenms, is frequently used for gaseous extinguishing systens to reduce the
chance of a fal se discharge. The first detector (zone) actuated is usually
arranged to cause a local audible and/or visual signal. The second detector
(zone) actuation causes a distinctive local signal to warn personnel that the
extingui shing agent is about to be released. After a short time delay, the
extingui shing agent is discharged.
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Sone gaseous extingui shing systens, usually those protecting popul ated
spaces, have an abort feature to avoid unnecessary discharge of an expensive
possibly toxic gaseous agent. Extinguishing systens with the abort feature
have a tine delay between actuation of the second (or only) detector and
rel ease of the agent. The delay may be factory set or adjustable. It is
usual ly set in the range 15 to 60 seconds to allow tine for personnel to |eave
the area or extinguish the fire before release of the agent and to allow for
manual interruption of the agent release sequence. If the situation is not
dangerous, the sequence can be interrupted by a manual abort switch. \Wen the
detectors and control unit have been restored to their normal condition, the
abort switch can be restored. The abort switch is usually designed to be held
in (until the control panel is reset) so that the agent discharge cannot be
accidentally inpaired when the switch is unattended

8.4.1 Initiating Devices. Any of the detectors discussed in Chapters 2
and 3 may be used as initiating devices to activate gaseous extingui shing
agents.  Frequently used detectors for gaseous agents are spot type ionization
snoke detectors and rate conpensated heat detectors. Factors affecting
detector effectiveness, such as electrical power and air pressure, if
pertinent, are supervised.

One or two nanual nethods for release of the gaseous agent are usually
provi ded:

I Manual fire alarm devices, simlar to the noncoded devi ces described
in Chapters 2 and 3, are frequently connected to the alarm system
control unit to cause immediate discharge of the gaseous agent,
regardl ess of cross zoning and time delays otherw se provided

I Manual devices may al so be connected electrically to cause direct
rel ease of the agent, independent of the alarm system

I Direct mechanical release of agent may be achieved by nmanual
actuation of a control valve

\Whet her the agent release is caused by an alarmcontrol unit auxiliary
out put or by an independent manual nethod, there should be an alarmat the
alarm system control unit. Manual release of the gaseous agent usually causes
an alarm by actuating a pressure switch which senses the increase in pressure
in the gas line or manifold between' the release valve(s) and the nozzles

8.4.2 Crcuit Arrangenent and Function. The normal circuit arrangenent
for a building alarmsystemto rel ease a gaseous extinguishing agent is the
same as for a building system with added features such as cross zoning, the
abort feature, manual release of agent, and other specific auxiliary functions
of the alarm system Al arm systens which rel ease a gaseous extingui shing
agent use auxiliary alarmoutputs to segregate the protected area and reduce
di spersion and dilution of the agent. Typical auxiliary functions are fan
shutdown, door (and window) closure, and closure of air handling system
danpers.  Gaseous agent rel easing alarmsystens applied to conmputer room
installations also shut down conputer power at the tine the agent is rel eased
to elimnate the heat source for possible electrical fires
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A typical sequence of alarmsysteminitiated events in a conputer room
installation which includes all the usual features is:

. Detection of fire by first detector in an area causes |ocal and
remote alarm indication, fan shutdown, door and danper closure and
other m scellaneous auxiliary functions through interlocks with
bui | di ng systemns.

. Detection of fire by second detector in the area (cross zoned with
first detector) causes a distinctive |ocal audible signal and
initiates tine delay during which agent release and conputer power
shutdown nmay be aborted.

« At end of an adjustable delay (nomnally 20 seconds), assumng the
rel ease is not aborted, conputer power is shut down and the
extinguishing agent is released into protected area

8.4.3 Alerting Devices. Aerting devices should be provided outside of an
area protected by a total flooding system warning people that the system has
been discharged. The alerting means may consist of a visual indication. A
war ni ng sign should al so be included to di scourage unauthorized personnel from
entering the roomuntil it has been sufficiently ventilated to renove the
agent .
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CHAPTER 8.  SELF- STUDY QUESTI ONS
Instructions: Select the correct answer(s) for each of the follow ng
questi ons.

®B-1 Carbon dioxide is recoomended for fires in electrical equipnent because
it is electrically conductive.

a. True b. False
(®B-2 Carbon dioxi de extinguishing systenms may create hazards to personnel by:
The “cloud” interfering with visibility
The frightening noise
Creation of an oxygen deficient atnosphere

d: Al of the above

®B-3 The normal pressure in a high pressure carbon dioxide cylinder is:

100 ps
. 500 ps
¢c. 600 psi
d. 1000 psi

(B-4 Low pressure carbon di oxide systens are nmintained at a tenperature of:

42°F
b. 32°F
C. OCF
d -20°F

®B-5 High pressure carbon dioxide cylinders require hydrostatic testing while
| ow pressure storage tanks do not.

a. True b. Fal se

(B-6 Low pressure carbon dioxide systens require |ess equi pnment per pound of
stored carbon dioxide than high pressure systens.

a. True b. Fal se

®B-7 Carbon dioxide nozzles are marked with nunbers, for example No. 3. This
nunber means:

The nozzle has been coated with No. 3 dye

b. The nozzle will discharge the equivalent of a 3/32-inch
standard orifice

¢c. The nozzle will discharge the equival ent of a 3/8-inch
standard orifice

d. The No. 3 identifies the manufacturer’s serial nunber only
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@®B-8 The numbers following the word “Halon” in describing a specific gas

relate to:

a. The manufacturers identification

h. Nothing; the numbers are picked at random

¢c. Chemical formulation

d. The nunber of processes involve in production of the gas

@B-9 The following are the principal types of Halon used for fire
extinguishing systems in the United States:

Hal on 1011
Hal on 1202
Hal on 2402
None of the above

cooT ®

@B-10 The concentration level at which Halon 1211 becones toxic to people is:

a. 2%
b. 4%
c 6%
d 10%

@8B-11 The met hod used to delay the discharge of a gaseous extinguishing system

Cross zoning of fire detectors
The manual abort feature

A time delay period

Al of the above

cooow

@B-12 A typical arrangenent of a cross zoned detection systemfor a Halon
extingui shing systemin a conputer room woul d:

a. Discharge the Halon imediately after activation of the
first detector zone

b. Provide an audible alarmupon activation of the first
detector and allow the fans to keep running

c. Discharge the Halon after a tinme delay period follow ng
activation of the second detector zone

d. Discharge the Halon after a time delay period follow ng
activation of the first detector zone
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CHAPTER 9. I NSPECTION, TESTING AND MAI NTENANCE OF GASEQUS SYSTEMS

I nspect all systems as indicated in this chapter to be sure they are in
operating condition. Regular service contracts with the manufacturer or
installer are recommended. Inspection and test frequencies for gaseous
extinguishing systens are summarized in Table 9-1

TABLE 9-1
SUMMARY OF I NSPECTION AND TEST FREQUENCI ES
FOR GASEQUS SYSTEMS

Semi -
Weekl 'y Mont hl'y Annually  Annual Iy

1. Check nozzles and hand hose |ines X
2. Weigh cylinders X

3. Check liquid level in |low pressure X
CO, st orage tanks

4, Check devices and connections of
| ow pressure C0,systens for

| eakage

5. Test tank alarm pressure swtch and Xt
identification device

6. Conduct actuating and operating X
tests of gas cylinders

7. Hydrostatic test of cylinders and (See section 9.1.1 and 9.2)
hoses

8. Check cross-zoning initiating circuit X

a
Frequency may be increased to annually for supervised systens

9.1 CARBON DI OXI DE SYSTEMNS.

9.1.1 High Pressure Systens. Check hoses and nozzles, cylinders, and
cylinder pressure as follows: a) nonthly check that all nozzles and hand hose
lines are clear, undanaged and in the proper position and b) nonthly check
that all operating controls are properly set.
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Wi gh cylinders semiannually and replace any that show a wei ght |oss of
greater than 10 percent. To wei gh cylinders:

. Loosen each cylinder support and disconnect each discharge head.
Di scharge heads are designed to be renoved and replaced w thout tools.

e \Weigh cylinders with a beamscale (Figure 9-1), if available, or with
a platformscale. To weigh with a platform scale, renove the
cylinders completely fromthe rack and lift them on to the scale.

Test cylinders and hoses hydrostatically as foll ows:

. Hydrostatically test cylinders to a mnimm pressure of 3,000 psi.

WEIGHING TRACK ON
STORAGE RACK

ADJUST
SEE NOTE

1
]
L
r
1
REMOVE 71

DISCHARGE INNTIAL POSITION
HEADS

CYLINDER
WEIGKT
STAMPED
HERE

L 2 FOOT AISLE SPACE

NOTE
TO WEIGH - LOOSEN CYLINDER CLAMPS, POSITION HANGER ON CYLINDER VALVE.
PULL DOWN ON FINGER RING UNTIL SCALE BEAM IS HORIZONTAL
AND CYLINDER 1S JUST OFF FLOOR ADJUST HANGER ARM IF NECESSARY.
READ WEIGHT DIRECTLY.

FIGURE 9-1
BEAM SCALE PORTABLE CYLI NDER WEI GH NG DEVI CE

The frequency for testing is as follows:

. If discharged after five years fromdate of last test, perform
hydrostatic test.

. If not discharged after twelve years from date of last test,
di scharge cylinder and perform hydrostatic test.

Hydrostatically test hoses to a mininum pressure of 2,500 psi. The
frequency of testing is every 5 years. After discharge of the agent, the
Control Head parts do not require replacement. Typically, the Control Head
can be easily reset with a screwdriver. |f facilities with the expertise for
testing are not available, contact fire extinguisher contractors to perform
the tests.

9.1.2 Low Pressure Systems. Check nozzles, pressure and |evel gauges, and
for leaks in all devices weekly. Wekly, check and record the reading on the
liquid level gauge of all storage tanks. Refill tanks when the quantity is
less than the mininum required to protect the largest single hazard, including
any required reserve supply.
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Monthly check to see that all nozzles are clear and in the proper position
and that all operating controls are properly set. Monthly check for Ieaks on
all devices and connections under continuous pressure, including valve packing
gl ands, screwed connections and safety relief valves

Semi annual |y test the tank-alarm pressure switch and the operation of the
alarm bell or light by reducing and increasing the pressure. Perform this
test as follows:

. O ose valve on the piping fromthe vapor space to the alarm pressure
switch.

. Rermove the test plug to reduce pressure

. I ncrease pressure by connecting a high pressure cylinder to the test
openi ng.

« After testing, disconnect high pressure cylinder, replace test plug
and reopen valve on the alarm pressure switch piping

. If bell or light fails to operate on pressure test, repair or
replace, and test again.

Check the liquid level and pressure gauges for accuracy once each year.
Repl ace frangible discs on the storage tanks once every 5 years. Miintain
refrigeration equipment according to nanufacturer’s instructions. The weekly
liquid level check and seni-annual tank-alarm pressure switch and alarm nay be
performed annual |y when the systemis supervised, such that continuous
checking of these conponents can be perforned at a nonitored |ocation.

9.2 HALOGENATED SYSTEMS. Hoses should be checked as for high pressure systens.

For total flooding system the roomenclosure is an inportant paraneter
affecting the system effectiveness. Thus, the “tightness” of the room should
be checked annually by making sure that all seals are still in place. Were
practical, the operation of the release mechanisns for doors, w ndows and
danpers should be checked, in addition to the operation of the door, w ndow
and/ or danper itself. Also on an annual basis, the operation of any auxiliary
functions should be checked, such as equipment shutdown, alerting devices, etc.

The followi ng steps are recomrended for the inspection and nmai ntenance of
hal ogenat ed systens.

Monthly check to see that all nozzles are clear, undamaged, and in proper
position. Also check that all operating controls are properly set.
Semi annual |y check weight and pressure of containers. (See procedures for
verifying carbon dioxide cylinders.)

. If the container has a loss in net weight of nore than 5%or a | oss
in pressure (after adjusting for tenperature) of nore than 10%
either refill or replace the container.

. If a factory charged nonrefillable container which does not have a

pressure indicator shows a loss in net weight of more than 5%
replace the container.
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A thorough check of the systens and all its conponents shoul d be done once
a year. Annually test all actuating and operating devices for proper
operation. A cylinder containing carbon dioxide or freon may be used in place
of Halon cylinders to mnimze the cost of a discharge test, or a simulated
test of pressure operated devices may be conducted. Hydrostatically test
cylinders at the followi ng intervals:

. If discharged after five years fromdate of |ast test, perform
hydrostatic test.

. If discharged after 20 years fromdate of |last test, perform
hydrostatic test.

If the cylinder appears to be physically damaged or corroded, the cylinder
should be renmoved and tested pronptly. As with carbon dioxide total flooding
systens, an annual inspection should be performed to insure that the roomis
wel | sealed. \Where possible, operation of the release mechani sns for closing
devices in the room openings should be checked

9.3. TESTING AND MAI NTENANCE OF ASSCCI ATED ALARM SYSTEMS. Testing and

mai nt enance of detectors, circuits, control units, annunciators, relays and
power supplies for carbon dioxide and hal ogenated gas systens are as descri bed
in Chapter 3. Sone additional steps are required to test cross zoned
detectors, electrically operated rel eases for gaseous agents, and the abort
feature.

9.3.1 Release Devices and Auxiliary Functions. Test electrically operated
rel ease devices for gaseous extinguishing systems annually. Conbine the test
with tests of detectors and the total alarm system |f an actual discharge
test is not desired, be sure to prevent gas discharge and conputer power
shutdown, while allow ng observation of electrical functions. This may
require valve closure or partial disassenbly of diaphragm piercing solenoid
pl unger type valves and manual override of the conputer shutdown feature.

Refer to systeminstructions fromthe equi pment manufacturer or installing
conpany. The same nmethod, once determined, is normally used for testing
manual devices electrically connected to cause direct actuation of gas rel ease
devi ces.

After taking necessary steps to prevent gaseous di scharge, create the
necessary alarmconditions to actuate the extinguishing system by actuating
detectors or manual initiating devices. At the end of the tinme delay
interval, release device actuation should be evident by sound or visua
observation. Verify that relays for auxiliary functions actuate. Take notes
on which event relays are actuated at the first cross zoned detector alarm
second cross zoned detector alarm and at the end of the tinmer interval. Note
the anmount of time delay between the second detector actuation and the del ayed
functions.

If release devices or auxiliary functions fail, check appropriate output
voltages at the control unit and at the failed device with the control unit in
the alarm condition. If voltages are inproper, troubleshoot the control unit
or circuit as indicated. Cross zoned systens require an alarmcondition on
both initiating circuits in an area to actuate rel ease devices and sone
auxiliary functions. If a tinmed function fails, check input voltage to the
timer and the delayed output voltage from the timer with a voltneter. Replace
the timer if input is proper but output is not.
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If voltages are proper, check solenoid and relay coil continuities with
one side of their respective energizing circuits open to the control unit. See
testing and maintenance for foam systens, Section 7.3.1, for instructions for
this test. Replace defective devices and/or wiring.

9.3.2 Ooss Zoning. Check cross zoned systens annually when the gaseous
system rel ease device is tested. Test procedures are the same as for foam
systens (Section 7.3.2). Troubl eshoot a cross zoned initiating circuit the
same as any other initiating circuit of the same class.

9.3.3 Abort Feature. In gaseous extinguishing systens with an abort
feature, test the feature annually, along with other elenents of the system
To test the abort feature, first determne the timer setting fromprior test
records or installation data. Then, cause first and second cross zoned
detector alarms. The second detector alarmstarts the tined period during
whi ch gaseous agent release and other abortable functions may be activated.
Qperate the abort switch approximately in the mddle of the tine interval.
The test should normally be performed with agent rel ease and conputer shutdown
features disabled as described in testing release and auxiliary devices,
Section 9.3.1. At the end of the timed interval confirmthat the aborted
functions do not occur. Possible causes of abort failure are as follows:

. A defective abort swtch

e Adefect in the wiring between the abort switch and the main control
uni t

. I mproper abort feature installation or an inproper tiner setting (low)

During troubl eshooting, disable the extinguishing agent release and the
comput er shutdown feature, if provided. Check the abort timer setting
according to the manufacturer’s instructions. If the timer setting is quite
| ow, 15 seconds or less, increase the setting to 20 seconds or nore as
determned by local authorities to be adequate to prevent unnecessary
di scharge of the agent.

If actuating the abort switch has no effect, check the switch continuity
with an ohmmeter while actuating it disconnected fromits wring. If the
switch continuity shows alternating readings of zero ohms and infinite
resistance , as it shoul d when being repeatedly actuated, check to see that the
off and on positions of the switch are not reversed. Such reversal may
be caused by connecting the wires to the wong pair of switch ternminals or
inverting the switch when nmounting it. If the switch has no defect, check its
circuit continuity with an ohmmeter at the control unit and with at |east one
wire disconnected from the control unit. CObserve switch action at the
ohmeter by actuating the switch repeatedly. Correct any circuit defects or
wiring errors. Replace the switch if it is defective.
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CHAPTER 9.  SELF- STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
questi ons.

@@-1 During sem annual weighing high pressure carbon dioxide cylinders should
be replaced when a weight |oss exceeds this percentage found

a. 5% c. 20%
b. 10% d.  25%

@-2 What is the mnimm pressure for which high pressure carbon dioxide
cylinders should be hydrostatically tested?

a. 2,000 psi c. 4,000 ps
b. 3,000 psi d. 5,000 ps

@-3 Low pressure carbon di oxi de storage tanks should have their liquid Ievel
and pressure gauges checked for accuracy once a year.

a. True b. Fal se

-4 During sem annual weighing halon containers should be replaced or
refilled when a weight |oss exceeds this percentage

a. 5% c. 20%
h. 10% d.  25%
Q-5 Electrically operated rel ease devices for gaseous systens should be
t ested?
a. Mnthly
b. Quarterly
¢c. Annually
d. Only when there are signs of an abnormal condition

-6 A special troubleshooting consideration of detection systems associated
with gaseous extinguishing systens is?

Cass B wiring

H gh voltage DC power supply
The abort feature

Sol enoi d proportioning equi pnent

oo o
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CHAPTER 10. DRY AND WET CHEM CAL EXTI NGUI SHI NG SYSTEMS

10.1 GENERAL. Dry and wet chenical extinguishing systens can be divided into
three general categories:

trips

Total Flooding Systens. Total flooding systems are arranged to

di scharge the agent into enclosed spaces. Such systens are used for
the protection of flammble liquid storage roons and paint drying
ovens (Figure 10-1). Ventilating equipnment, conveyors, flammble
liquid punps, and mixers may be interlocked with the extinguishing
system shut down automatically upon discharge of the system

. Expellant-gas container 6. Electric-shutdown and alarm cir- 9. Heat-actuated device

. Dry-chemical container cuit 10. Flooding nozzle

. Dry-chemical discharge piping 7. Ventilating fan (shutdown on op-  11. Remote manual-actuation box
Fire door o eration of system) 12. Pneumatic-actuation tubing

. Expellant-gas piping to pressure 8. Pressure trip (closes windows and 13

. Alarm bell
doors on operation of system)

FI GURE 10-1
TOTAL FLOCDI NG DRY CHEM CAL SYSTEM | NSTALLATI ON

Local Application Systens. Local application systens are arranged to
di scharge dry chenmical directly on the hazard, w thout any enclosure
(Figure 10-2). Typical local application systems are used for the
protection of |ocalized hazards such as paint dip tanks and
restaurant range hoods (Figure 10-3). Ventilating fans, conveyors,

flammabl e i quid punps, and mixers may be interlocked to shut down
automatically upon discharge of the system
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Tankside Nozzle

Discharge Piping

Chemical Unit

FI GURE 10-2
LOCAL APPLI CATI ON DRY CHEM CAL SYSTEM | NSTALLATI ON

DETECTOR {STANDARD)
R ) EXHAUST DUCT
DETECTOR BOX (OPTIONAL ) i

P DUCT NOZZLES
STRAINER

Wi

CONTROL
(OPTIONAL EXTRA)

| \ ANER /3/4- SUPPLY PPE

DETECTOR
___\OVER FRYER) k
/16 CABLE IN 1/2"EMT PNEUMATIC SWITCH
_CORNER PULLEY (OPTIONAL EX

— [ e

\

CHAR-BROILER —/ X \ T Nnozzie |
DEEP FAT FRYER CONNECTING X
LINK

LOCATION OPTIONAL
12

TYPICAL INSTALLATION S VENT
OF CYLNDER
SYSTEM CYUNDERS BRACKETING
JWO CYLINDER SYSTEM UP-RIGHT BROILER »

TYPICAL INSTALLATION OF
A TWO-CYLINDER SYSTEM

FI GURE 10-3
RESTAURANT RANGE HOOD WET CHEM CAL SYSTEM

. Hose Line Systems. Hose line systens discharge dry chenical through
manual |y operated nozzl es connected by hose or by piping and hose to
a fixed supply (Figure 10-4).

Dry chemical systens are generally of the local application type, though
can be used in any of the three general categories. However, wet chenical
systens are limted principally to local applications, e.g. range hood
protection.
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Dry chemical used in approved systens

is nostly sodium bicarbonate, very finely é‘, A
ground, to which has been added ot her Lq-,...,
ingredients to enable it to flow freely

and resist caking. Qher agents used in T
dry chemi cal extinguishing systems include g

pot assi um bi carbonate, potassium chloride, i
and monoamoni um phosphat e--nul ti pur pose s
type. alls

Cenerally, wet chemical is a solution
of water and a chemical containing

., i) il
)

g
[

pot assi um car bonat e and/ or potassi um - PN
acetate. The system design is dependent RN
on the specific chemcal used in the i
solution.  Thus when recharging a system o] ‘ !
substitution with another chemcal should B ‘ |
be pernmitted only after a conplete L
engi neering anal ysis. ’

The dangers of dry chemcals to FI GURE 10-4
exposed personnel used in concentrations STORED PRESSURE DRY CHEM CAL
necessary for fire extinguishment are CYLI NDER W TH HCSE LI NE
tenporary breathing difficulty and reduced
visibility. In areas using total flooding systens, suitable neans should be
provided to permit evacuation of personnel prior to agent discharge. In areas

using local application systens where the dry chemical is not confined, there
is little hazard. Contact with wet chem cals may cause sone mi nor

irritation. In addition, protection equipment should be provided to rescue
personnel trapped in the roomif the fire department response is not expected
to be pronpt.

There have been many theories as to how dry and wet chenicals extinguish
fire. The nore generally accepted theory is that wet and dry chemical have an
inhibiting effect on the chain reaction involved in combustion. O her
theories contend that (1) wet and dry chemical provides a physical blanketing,
(2) oxygen in the air is diluted by carbon dioxide and water vapor produced by
the fine solid particles, or (3) heat is reflected by the wet and dry chenica
agent .

Dry chemical systens are used primarily for extinguishing fires in
flammabl e |iquids. Bicarbonate base dry chenical can be particularly
effective for extinguishing fire in deep fat fryers caused by overheating.

The interaction of the dry chemical and fat or grease prevents reignition by
saponification, that is turning the fat to soap. Miltipurpose dry chenmi cal

will not react with the fat or grease and can prevent the saponification
reaction between the fat or grease and any bicarbonate base dry chenica
subsequently used. Thus, mixing agents can be counter-productive

Because of its coating ability, nultipurpose dry chenmical is also
effective on ordinary conbustibles such as wood, paper, or cloth when it can
reach all surfaces involved in conmbustion. Bicarbonate base dry chemical is
also effective for textile surface fires, although water should be provided to
extingui sh possible snoldering or deep seated fires

Wet chemical systens are used nost commonly to protect commercial kitchen
ranges. The potassi um based sol ution has been observed to be nost effective
in controlling grease-related fires.
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Dry and wet chenmical systens are not suitable for fires in materials such
as cellulose nitrate that contain their own oxygen supply. They are not
nornal Iy suggested for fires involving delicate electrical equi pment such as
t el ephone switchboards, conputers, and certain other electronic equipnent
because the dry chenmical will insulate the fine and delicate contacts,
necessitating conplete, expensive cleaning.

Monoammoni um phosphat e and potassi um chloride are slightly acidic, and in
the presence of noisture can corrode nmetals such as steel, cast iron, and
alum num  Sodi um bicarbonate and potassium bicarbonate are slightly basic,
and in the presence of nmoisture can corrode nmetals such as al um num al um num
brass, alumnum bronze, and titanium Corrosion can be mnimzed by pronpt
cleanup. Most dry chenical agents can be cleaned up by w ping, vacuum ng, or
washing the exposed materials or surfaces. Mnoammoni um phosphate wil |
require sone scraping and washing if exposed surfaces were hot when the agent
was applied.

Dry and wet chenical agents are not effective on netal--Class D--fires
but special dry powders are avail able which will extinguish fires in such
metal s as sodium potassium magnesium alumnum and titanium Thus
remenber that “dry chemical” and “dry powder” do not refer to the same
extinguishing agent. The design testing and nuintenance of dry chenica
systens is addressed in NFPA 17. NFPA 17A covers the design, testing and
mai nt enance for wet chem cal systens.

10.1.1 Types of Systens. There are basically two types of dry and wet
chem cal systens:

10.1.1.1 Gas Cartridge. Gas cartridge systens use a container of
expel lent gas (typically nitrogen) which, when released by manual or automatic
neans, pressurizes the container of dry or wet chenmical and forces the agent
through the piping network or hose lines (Figure 10-5). Wt chenical systens
are generally of this type.

10.1.1.2 System Pressure. Pressure systens consist of a container of
dry chemical which is constantly pressurized, usually with nitrogen (Figure
10-6). The nitrogen pressure provides the necessary force to propel the agent
through the piping network.

PRESSURE REGULATAORS

DROP WEIGHT
~ SLEEVE

DRY CHEMICAL TANK

BURSTING DISC

UNION \
14]% NITROGEN CYLINDER

N ol
FI GURE 10-5
DRY CHEM CAL AND EXPELLENT GAS STORAGE DOUBLE CYLI NDER STORED
CYLI NDERS W TH PI PI NG CONNECTI ON PRESSURE DRY CHEM CAL SYSTEM
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10. 1.2 System Conponents.

10.1.2.1 Operating Devices. Operating devices are used to release
the expellent gas fromits container for the pressurization of the dry or wet
chem cal tank or to release the dry chemical if normally stored under
pressure.

In fixed systems, expellent gas is released fromits container by
electrically, pneumatically, or nechanically dropping a weight that opens a
cylinder valve or by nechanically releasing a spring that punctures the
sealing disc of a gas cartridge. Wen stored under pressure, the dry chemni ca
is released by pneumatically or mechanically dropping a wei ght that opens the
di scharge val ve

Pressure trips may be used to release the weights of nore than one unit
for simultaneous di scharge on hazards needing a greater capacity than is
available for one unit. Pressure trips are operated by gas pressure taken
fromthe low pressure side of the expellent gas regul ator.

Hose line systems are actuated at the cylinder by turning a hand wheel or
by noving a |ever.

10.1.2.2 Piping. The distribution system should be constructed of

standard wei ght (Schedul e 40) gal vani zed steel pipe and standard wei ght
gal vani zed steel or malleable iron fittings

It is important that the piping system be designed so as to be “bal anced”,
so that the pressure drop to any one nozzle will be about the same as to any
other nozzle. Although dry chenical suspended in a gas may be honobgeneous
during flow, i.e. resenbling a liquid, certain effects such as inertia and
sudden expansion of the gas may cause sone separation of the two phases
thereby altering the friction |oss characteristics

For exanple, if several nozzles were installed consecutively at right
angles to a straight run of pipe, the inertia of the dry or wet chem cal would
carry most of it past the first nozzles. These nozzles would, therefore
di scharge nmore gas and | ess agent than those farther down the piping system
To elimnate this, all branch piping is balanced by the use of tees, the agent
entering the side port and leaving through the two end ports

10.1.2.3 Nozzles. Nozzles are of various designs and di scharge
patterns. Nozzles for distributing the dry or wet chenmical are of a type
approved for the particular application. Mst nozzle assenblies are equi pped
with a seal or cap to prevent the entry of foreign materials from depositing
onto the nozzle, thereby blocking the orifice

10. 2 ASSOCI ATED ALARM SYSTEMS. The al arm systens described in Chapters 2 and
3 can be used to activate dry or wet chenical extinguishing agents. Alarm
systems used with dry or wet chemical systems require special considerations
simlar to those for foam systems and gaseous systems. The release nmethods
for dry or wet chemical agents are simlar to those for gaseous agents--an
expel | ent gas controlled by the alarmsystemis used to nove the agent to the
fire.
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10.2.1 Electrical Initiating Devices. A typical dry or wet chem ca
system (frequently used for cooking grills and deep fat fryers) may use rate
conpensated heat detectors located in the range hood. Snoke and flane
detectors are not usually used for kitchen applications because of the
frequent nornmal occurrence of both smoke and flane. Other automatic fire
detectors may be used for applications of dry or wet chenical systens.
Normal |y a pressure switch type initiating device is used to sense the rel ease
of expellent gas when the release is acconplished manual ly.

10.2.2 Gircuit Arrangerment and Function. The normal circuit arrangenent
for a building alarmsystemto rel ease the extinguishing agent is the same as
for a building system which does not cause agent release. Possible added
features may be cross zoning, the abort feature, manual release of agent, and
auxiliary functions such as building systeminterlocks (fuel shut-off, water
wash-down intiation, etc.). Wring for detectors over a kitchen range hood
shoul d be located in conduit.

Bui | ding systeminterlocks serve to confine the fire and extinguishing
agent to the original fire area. Local application and full flooding dry
chem cal systenms may be interlocked with building systems to cause automatic
shutdown of ventilating fans, conveyors, and flammable liquid punps and m xers
when an al arm occurs.

10.2.3 Alerting Devices. Alerting devices should be provided outside of
an area protected by a total flooding system warning people that the system
has been discharged
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CHAPTER 10. SELF-STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
questi ons,

QLO0-1 Types of areas protected by total flooding dry chenical systens are:

a.  Paint dip tanks

b. Flammable liquid storage roons
¢. Paint drying ovens

d. Al of the above

QLO-2 Multipurpose dry chemical is effective on ass A, B, C and D type
fires.

a. True b. False
QLO0-3 Fixed dry chemical systems are operated autonamtically by:
Rel easi ng a spring which punctures a sealing disk
Fusing a sprinkler which allows dry chemcal to flow

Dropping a weight which opens a cylinder valve
Al of the above

oo o O

QL0-4 Nozzles for dry chemical systens are interchangeable with nozzles for
carbon dioxi de systemns.

a. True b. Fal se

QL0-5 The circuit arrangenent of alarm systens for dry chenical
extingui shing systens is:

a. Subject to monthly inspection

bh. The same as for a building system which does not cause agent
rel eases

¢c. Required to be replaced after each system operation

d. Not UL. listed
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CHAPTER 11. I NSPECTI ON, TESTING AND MAI NTENANCE OF
DRY AND WET CHEM CAL SYSTEMS

11.1 GENERAL. Dry chenical tanks and expellent gas assenblies using nitrogen
shoul d be | ocated where they will not be subject to tenperatures above 120°F
or below -40 F. Assenblies using carbon dioxide as an expel |l ent gas should be
| ocated where they will not be subject to tenperatures above 120 F or bel ow 32
F.  Wet chenical tanks should be stored in areas with a tenperature range of
32 Fto 120 F.  Exposure to weather or corrosive atnospheres should be

m ni m zed.

Reserve supplies of dry chenical should be stored in a clean, dry area in
the original shipping containers with the lids tightly closed to prevent the
entrance of noisture. The storage |ife of the wet chemcal agent is
approxi mately 12 years. Before replenishing a system the dry chem cal should
be checked carefully to deternmine that it is free flowing and w thout |unps.
The pressure or weight of the expellent gas container should be checked to
assure that it is above the mninmm specified by the manufacturer. Proper
operation of the systemis dependent upon the physical characteristics of the
extinguishing agent. It is essential to use only the dry or wet chemical for
whi ch the system was designed.

Conpetitive brands of the same extinguishing agent may not be
i nterchangeable. Also, different types of agents may not be chenically
conpatible. In particular, monoamoni um phosphate can react wth bicarbonate
base agents producing pressures capable of rupturing the dry cheni cal
container. As noted in Chapter 10, mxing two types of agents is not
suggested as the agents may counteract each other when applied onto a burning

fuel. Inspect all systens as indicated in this chapter to be sure they are in
operating condition. Regular service contracts with the nanufacturer or
installer are recommended. Inspection and test frequencies for dry and wet

chenical systems are summarized in Table 11-1.

TABLE 11-1
SUMVARY OF | NSPECTI ON AND TEST FREQUENCI ES
FOR DRY AND WET CHEM CAL SYSTEMS

Seni -
Mont hly Annual Iy Annual |y

1. Check nozzles and hand hose I|ines X

2. Check for physical damage to system X

3. Check dry or wet chenical expellent gas cylinders X

4. Check general condition of system X

5 Check condition of agent X

6. Conduct actuating and operating tests of X
system

7. Hydrostatic test of cylinders and hose (see section 11.2)
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11.2 DRY AND WET CHEM CAL SYSTEM HARDWARE. Monthly, check that all nozzles
and hand hose lines are clear and in the proper position and that all

operating controls are properly set. Also, a cursory visual check should be
made to insure that the system has not been physically damaged.  Seniannually,
check the expellent gas cylinders of gas cartridge systens for proper pressure
or weight to ensure enough gas is available. Al so, visually check the general
condition of all system conponents. Annually open and check the dry cheni cal
in gas cartridge and stored pressure systens to ensure it is free flow ng and
without lunps. Annually test all actuating and operating devices. Fixed
temperature sensing elenents should be replaced annually in kitchen range hood
syst ens.

Conduct hydrostatic testing as follows:

o At least once every 12 years, hydrostatically test all dry chem cal
contai ners which are |less than 150 pounds noni nal capacity (based on
agent weight), auxiliary pressure containers, valve assenblies,
hoses, hose nozzles and fittings, check valves, directional valves,
and mani f ol ds.

o« After the annual inspection, performa hydrostatic test on the
equi pnent that has evidence of corrosion or pitting in excess of
manufacturer’s limts, structural damage, fire damage, repairs by
sol dering, welding or brazing are noted, performa hydrostatic test
on the equi pnent.

I nmredi ately after use, blow all hand hose lines and piping clear of all
dry or wet chemical to prevent plugging.

11.3 ASSOCI ATED ALARM SYSTEMS. The tests required for alarm systens
associated with release of dry or wet chem cal extinguishing agents are the
same as required for simlar features in foam and gaseous systens.

11.3.1 Release Devices and Auxiliary Functions. Test electrically
operated rel ease devices for dry and wet chemnical extinguishing systens for

proper function annually. |If actual agent discharge is not desired, prevent
di scharge as described for gaseous agent systems in Section 9.3.1. Test
auxiliary functions annually as described for gaseous agent systems. |f dry

chenical discharge is desired, bags or containers may be firmy attached to
the nozzles to capture the agent, reducing clean-up requirements and all ow ng
the agent to be re-cycled.

11.3.2 Special Features. Special alarm system features, such as cross
zoning, abort feature and timer, and nmanual/electric rel ease devices, should
be tested annually the same as for foam and gas systens.

11.3.3 Troubl eshooting. Follow troubl eshooting guidelines for foam and
gas systems, noted in Sections 7.4 and 9. 3.
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CHAPTER 11.  SELF-STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng
questi ons.

Qui-1

QL1-2

QLl-3

Qll-4

Ql1-5

QLl1-6

Dry chem cal agent produced by different manufacturers may not
be conpatible and should not be interchanged indiscrinnately

a. True b. Fal se

Dry chenmical systens should be checked annually to deternine
that:

a. Its fire extinguishing properties are within acceptable
limts
It is free flowing and without |unps
The actuating and operating devices are functioning
correctly

d. Al of the above

After use, all hand hose lines and fixed piping systems shoul d
be blown clear of all residual dry chenical.

a. True b. Fal se

The expellent gas cylinders for gas cartridge dry chemica
systens should be checked for pressure or weight:

a&  Monthly

b. Sem annual l'y

c. Annually

d. Every 12 years

The tests for alarm systens associated with dry chenical systens
are simlar to those for alarmsystens of foam and gaseous

syst ens.

a. True bh. Fal se

When refilling storage containers for a wet chenmical system
any wet chemical agent may be used.

a. True b. Fal se
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CHAPTER 12. OTHER FIRE PROTECTI ON SYSTENMS

12. 1 GENERAL. Previous chapters have addressed inspection, maintenance and
testing provisions for fire detection and suppression systens. Otten, other
fire protection neasures such as snoke control systens and fire-resistant
assenblies are also included in buildings. These systens will be briefly
addressed in this chapter.

Snoke control systenms act to limt snmoke spread in buildings, naintain
habi t abl e atnbspheres and linit snoke damage. Principal conponents of snoke
control systens include fans, snoke doors and snoke danpers

Fire resistant assenblies may include the protection of a single
structural nenber (columm, beamor truss) or the provision of a wall or
floor/ceiling system The use of fire walls and danpers are inportant
conmponents to preserve the integrity of wall and floor/ceiling assenblies

12.2 SMOKE CONTROL SYSTEMS. Two typical types of smoke control systens are
stairwel|l pressurization and zoned snoke control systens.

12.2.1 Stairwell Pressurization Systens. Stairwel| pressurization systens

are designed to maintain a snoke-free escape route in the stairwell. This is
acconpl i shed by slightly pressurizing the stairwell to prohibit snmoke spread
into the stairwell. Four basic design approaches are used in pressurized
stairwells

a. Single injection

b. Miltiple injection

¢c. Conpartmented stairwells
d. Vestibules

Single injection systenms are the nost conmmon type of stairwell
pressurization system Single injection systens have one fan per stairwell
located either at the top or bottom of the stairwell, as shown in Figures 121
and 12-2. An exhaust outlet must be provided at the opposite end of the
stairwell fromthe fan. The exhaust outlet may consist of a vent or a doorway.

Several pressurization points are provided in multiple injection systens.
The pressurizations points may be provided by several fans or one fan with a
duct having nunerous outlets as shown in Figures 12-3 and 12-4. The duct may
be located within the stairwell enclosure. As with single injection systens,
an exhaust outlet is necessary.

The use of conpartnented stairwells conceptually divides a tall stairwell
(in excess of 15-20 stories) into several shorter stairwells. Each
compartment may be treated similar to a single or nultiple injection system
as shown in Figure 12-5.

Finally, a vestibule may be included at the stairway door leading into a
corridor. The use of a vestibule with any of the above systens nmay be used to
decrease the ampunt of air |eakage from the stairwell. By decreasing the
| eakage potential, the systemreliability is increased. Vestibules may be
i ndependent|y pressurized by a fan to further enhance the system reliability.
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Maj or variables affecting the performance of stairwell pressurization
systems are the fan capacity and the stairwell enclosure itself. The design
is based on the fan perfornming at the rated capacity. Stairwell
pressurization systens are nost effective when air |eakage paths are kept to a
mni mum especially air |eakage paths connecting to other parts of the
bui l ding (as opposed to the outside). Possible air |eakage paths include
holes in the stairwell wall, open doors, and cracks under door.

Activation of a stairwell pressurization system can be acconplished as
with other auxiliary functions, previously discussed in Chapter 2. This
i ncludes activation by manual pull boxes or automatic fire alarminitiating
devices, such as heat and snoke detectors, water flow swtches, etc.

12.2.2 Zoned Snoke Control Systens. Zoned snpke control systens operate
by creating a slight negative pressure in the fire zone while providing a
slight positive pressure in adjacent zones. A snoke control zone can consi st
of all or part of a floor level or several floors levels. The negative and
positive pressures are created by the start-up and shutdown of selected fans
in addition to the opening and closing of appropriate danpers. The fans
utilized to create the pressure differences may be used only for snmoke control
or may be the same as those used for heating, ventilating and air conditioning
pur poses.

As with pressurized stairwell systens, zoned snoke control systens require
a conplete enclosure around the zone to be effective. This may require the
use of snoke doors and danpers to properly restrict air flow through openings
in the enclosure walls.
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Zoned snoke control systens are also activated as an auxiliary function of
an alarm system  However, activation by nmanual pull stations is generally not
recommended since a manual pull station renote fromthe. fire zone could be
actuated to erroneously identify the “fire zone”, resulting in inappropriate,
and possibly damagi ng system operation.

12.2.3 Testing and Maintenance. All fans and danpers for the snoke
control systens should be maintained in accordance with the manufacturer’s
reconmendations, at |east on a seni-annual basis. If changes have been nade
since the last inspection, fans, dampers, control devices and operating
sequences shoul d be checked by a conplete operational test.

Annual |y, each smoke control system device should be activated by
actuating an automatic fire alarm device. The fan and general snobke contro
system operation (especially dampers) should be checked. Inspection of the
operation of snmoke danpers should include verification of novenent of the
danper to the appropriate position as well as operation of the associated
motor. The adequacy of the power supplies should be checked as for fire alarm
systens, described previously in Chapter 3.

12.3 FI RE RESI STANT ASSEMBLI ES

12.3.1 Protection of Single Structural Menbers. Structural steel colums
“beans and trusses may be individually protected. The typical nmeans of
protection includes installing a |ayer of a non-conbustible, insulating
material, as depicted in Figure 12-6.

SPRAYED FIBER METAL LATH AND PLASTER

FI GURE 12-6
FI RE PROTECTI ON FOR STEEL COLUMNS

Over tinme, the protection material may be renoved from physical contact or

deterioration to expose the steel member. |Inspection of the fire protection
material is only involved with noting those locations where the naterial has
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been renoved, especially to the degree of exposing the steel. |f sone
material has been renoved, replacenment of the material should be done only by

a qualified contractor.

12.3.2 Fire Wills. Typically, the fire resistance rating of walls and
other barriers, such as floor-ceiling assenblies is assigned after conducting
a test on a prototype of the design. Following installation in an actua
building, the wall may be altered as the building is nmodified. Such
alterations may include making holes in the wall to permit ducts, pipes, and

conduits to go fromone side of the wall to the other. It is very inportant
that the holes are filled-in by non-conbustible insulating materials around
the duct, pipe, or conduit. Inspection of a fire-rated wall should

concentrate on noticing any unfilled poke-through holes

12.3.3 Fire Doors. The purpose of a fire door is to remain closed in a
fire-rated wall during a fire to restrict fire spread. Thus, an inspection
and mai ntenance program should focus on proper operation of the door to permt
it to close and latch (where appropriate).

I nspection of a fire door on an annual basis should include the follow ng

. exam ne hardware for proper operation (latch, knob, panic bar, etc.)

. | ook for signs of dry-rotting on those types of doors which are
suscepti bl e.

. check for excessive wear and/or stretching on chains or cables on
suspended fire doors.

. observe if the door closes conpletely (as opposed to being bl ocked in
the slightly open position).

Mai nt enance of doors should include the follow ng
. | ubricate guides and bearings, as needed

. check for proper latching and make necessary adjustnents of chains or
cables on sliding, counter balanced doors.

. check hel d-open. devices annually for proper operation during a fire
alarm systemtest or test of detector at door (fusible |inks need not
be actuated.)

. replace fusible links or other heat actuated devices which have been
pai nt ed.

12.3.4 Fire Danpers. Fire danpers are installed in ventilation ducts
where ducts penetrate fire-rated barriers, unless the building is equipped

with a zoned snmoke control system In general, fire danpers require little
mai nt enance. Danper and associated nmotors (where applicable) should be
checked annually for proper operation. If fusible links are used to hold open

the danper, the link should be renmoved to permt the proper operation of
danper closure. Hinges, latches and other noving parts should be carefully
examned to insure that the danper operates properly and lubricated if needed.
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CHAPTER 12.  SELF STUDY QUESTI ONS

Instructions: Select the correct answer(s) for each of the follow ng questions

Ql2-1 Single injection systens have a fan at each floor level of the
stairwell.

a. True b. False

Q12-2 Typical air |eakage paths affecting stairwell pressurization system
performance include:

a.  Holes in stairwell wal
b. Open doors
¢. Cracks under door
d. Al of the above
QL2-3 Fans in zoned snmoke control systems may be those used in the heating
system
a. True b. False

QL2-4 Inspection of snoke danpers shoul d include:
a. Movenent of danper
h. Dust on danper vanes
¢c. Actuation of fusible |ink
d. None of the above
QL2-5 Fire walls require no special naintenance provisions.
a. True b. False

QL2-6 Annual inspections of fire doors concentrate on the general operating
characteristics of the door.

a. True b. Fal se
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Accel er at or

Air Handling Unit (AHU)

Ai r Mi ntenance Device

Al pha- Nurreri ¢ Di spl ay

Al titude Val ve

Ambi ent Tenperature

Amret er

Approved Equi prent

Aspiration

Automatic Fire Alarm System

Auxiliarized Al arm System

GLOSSARY

A device which speeds the operation of a dry
pi pe valve by channeling air, or nitrogen,
fromthe sprinkler systempiping to the
intermedi ate chamber of the dry pipe valve

The equi pnent which contains a fan or fans for
noving air through a building which has a
forced air ventilating system Fans nay be
shut down by the fire alarm systemduring an
alarm

A device used to constantly naintain a
specified air pressure in a dry pipe sprinkler
system

A type of display, often used at an alarm
receiver console, which uses al phabetic
characters (letters) and nunbers to convey
i nformation.

A val ve actuated (opened) by pressure | oss
usually due to the height of liquid in a tank.

Tenperature of the surrounding atnosphere.

An instrunent for nmeasuring the flow of
el ectrical current.

Equi pnent whi ch has been accepted by the
authority having jurisdiction. One frequent
criterion for approval is that the equi pnent
nmust be listed by Underwiters’ Laboratories
(UL) or approved by Factory Mitual (FM.

The process of introducing a liquid or gas
into a flowing stream by suction.

A systemusing fire detectors, such as heat,
smoke, systens and flame detectors to
automatically initiate alarns.

A building alarm system connected to transmt
fire systems alarmsignals to the base alarm
headquarters through a nunicipal type base

al arm system
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Backfl ow Preventer

Bonnet

Bowl Assenbly

Butterfly Valve

Carbon Di oxi de (CQ)

Cat hode Ray Tube (CRT)

Check Val ve

Circuit

d apper

Coder

Conbusti bl e

Command Functi ons

Condui t

See Check Val ve.

The upper part of a fire hydrant which nay be
removed for maintenance of the operating stem

The vertical pipe extending down into the
wat er supply which contains the inpellers of a
vertical turbine fire punp.

A device which regulates the flow of a liquid
by a plate which pivots in the waterway.

A gas used for fire extinguishment purposes

A vacuum tube in which a hot cathode enits

el ectrons that are accelerated as a beam

t hrough a high vol tage anode, focused or

defl ected el ectrostatically or

el ectromagnetically and allowed to fall on a
fluorescent screen. Often used as a display
or readout device for conputers and sinmlar
applications .

A device which permits a liquid or gas to flow
in one direction only.

Any path capable of being followed by an
electric current.

The device inside of a water control valve
whi ch prevents water downstream of the valve
from entering the upstream side.

Codi ng mechani sm connected to ring bells in a
distinctive pattern or to transnit a pul sating
signal to a renote receiver. The pattern of
pul ses may give |ocation or may instead
identify type of detection device (waterflow,
heat detector, manual) generating the signal
The coder may operate by nechanical |y opening
and closing electrical contacts or electronic
circuitry may cause relay contacts to generate
the code.

A material which is capable of being ignited
or burned.

Ability of an alarmsystemto control sone
functions of other building systenms. For
instance, when an alarm occurs, the alarm
system may “command” fans to shut down or fire
doors to close.

Tubi ng, usually netal or plastic, which
protects wiring from damage
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Cont act or

Cont act s

Continuity

Control Valve

Convection

Current

Dashpot

Data Gathering Panel

Reener gi ze

(DGP)

An el ectrical device simlar to a relay used
for controlling heavy electrical equipnent
renotely. A contactor contains a coil and
usual l'y several sets of contacts for switching
power on or off in response to energizing or
deenergi zing the coil.

Metal lic surfaces usually nmade of precious
nmetal or plated with precious netal used for
switching electrical current off and on in
relays, con-tactors, and in swtches.
Contacts are used in sets or pairs. Two
contacts are required to open or close an
electrical circuit.

An electrical condition in which there is no
interruption between two points. Continuity
is usually checked with an ohnmmeter or the
resi stance neasuring scale of a nultineter.
It there is continuity, the resistance
measured is less than infinite.

A val ve which permts the regulation of a
certain piece of equipment, e.g. , sprinkler
riser control valve.

The notion of air caused by the variation in
density of air with tenperature. Heated air
rises because it is less dense (lighter) than
cooler air around it.

A flow of electric charge. The anount of
electric charge flow ng past a point per unit
time measured in anperes.

A danmping device, used to delay movement. A
pi ston noves in a cylinder and a trapped
liquid or gas is allowed to |l eave the trapped
space at a controlled rate through a hole in
the piston or by another route. An air
dashpot is frequently used in water-flow
detection devices to delay the signal and
elimnate false signals due to water pressure
sur ges.

Equi prent used in nultiplex systenms as the
connecting point for initiating circuits and
other building alarm equipment. The DGP
conmuni cates with the main al arm consol e by
transmtting status infornation when
interrogated. Also known as interface panel.

The renmoval of electrical power from an

electrically operated device such as a relay
or contactor.
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Def | ection

Del uge System

Det ect or Check Val ve

Di agnosi s

Di aphragm Val ve

Dielectric

Di ode

Di spat cher

Di spl ay

Door O oser

Downst r eam

Dry Barrel Fire Hydrant

Dry Circuit

Moverent from a normal position. \Wen applied
to the indicator needle of a meter, it neans
the novenent of the needle fromits nornal
position.

A sprinkler systemin which water discharges
from open sprinklers at the sane tine.

A devi ce which neasures incidental flows of
water to a fire protection system and prevents
reverse flows. Large flows are unnetered.

Anal ysis of physical or electrical synptons to
deternmine condition.

A val ve which is operated by pressure on one
side of a nenbrane, or diaphragm inside the
valve and restricts flow through the valve in
relationship to the pressure applied.

A nonconductor of electricity; an insulator or
insulating naterial.

An electric device that restricts current flow
chiefly to one direction, usually a
sem conduct or devi ce.

One who dispatches or sends out vehicles;
especially one who dispatches fire trucks to
the scene of a fire.

Usual 'y an arrangenent of nunbers and/ or

al phabetic characters which are selectively
visible in accordance with coded el ectrical
information received. A slide display nakes
use of photo- graphically prepared slides to
project diagrans, maps and other infornation.

A device used, often electromagnetic, to close
a door for the purpose of limting the spread
of snoke or fire in a building. The device
may be activated by the fire alarm system

In the direction to which the water is flow ng.
A fire hydrant which is controlled by a valve
hydrant | ocated at the base of the hydrant
bel ow the frost line.

A circuit powered by low DC voltage,

frequently characterized by switch contact
resi stance problens.
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Dry Pipe System

Educt or

El ectrically D stant

El ectromagnetic

Energi ze

Equal i ze Chargi ng

Evacuation Al arm

Exhaust er

Expel l ent Gas

Fal se Al arm

Fan Shut down

A sprinkler system which contains pressurized
air or nitrogen instead of water. \Water

di scharges through automatic sprinklers after
operation of a dry pipe valve

A device used to introduce foam |iquid
concentrate into a water stream by venturi
action.

Refers to devices nearer to the end of the
circuit or renote than other devices. Such
devi ces may be physically |ocated near the
circuit source.

Refers to devices containing an el ectronmagnet
consisting of a soft iron core wound with a
current carrying coil of insulated wire. The
current in the wire produces the magnetization
of the core

Apply electrical power to an electrically
operated device such as a relay or contactor.

An intentional overcharge to equalize the
charge level of the individual cells in a
battery by assuring that each is fully

charged. Any cells with a full charge produce
gas while other cells continue to charge

An alarmto warn occupants of an area to | eave
the area.

A devi ce which speeds the operation of a dry
pi pe valve by allowing a |arger volune of air
to escape through itself than coul d escape

t hrough an open sprinkler.

A pressurized gas, usually nitrogen, which is
used to agitate and perneate dry chemical to
maeke it fluid so that it may be discharged
fromits storage container.

There are three types of false alarns:

1) System Malfunction - An alarm produced by
an electrical malfunction of the alarm
system

2) Unintentional Alarm - An alarmthat is
i nadvertently triggered.

3) Intentional Alarm - An alarmthat is
triggered by someone with malicious intent.

A stoppage of the fans in an air handling unit
(AHU) caused by a fire alarm system
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Faul t

Field of View

Filtering

Fire Depart nent

Connecti on

Fire Cassifications

Fire Door

Fire Fl ow Demand

Fl oat Val ve

Foam Maker

Gate Valve

Gener al

G ound

Hal on

Al arm

An electrical defect in a circuit of an alarm
system

The region of space which is observable by an
optical device, especially a flanme detector.

Renovi ng unwanted el ectrical signals by using
an electrical or electronic filter.

A connection through which the fire departnent
can connection punp water into a sprinkler or
st andpi pe system

Cass A - Fires involving ordinary
conbusti bl es, such as wood, paper, cloth,
rubber, plastics, etc.

Cass B - Fires involving flammabl e or
combustible liquids, gases, greases, etc.

Cass C- Fires involving live electrical
equi pnent .

Cass D- Fires involving certain combustible
metal s, such as magnesium titanium
zirconium sodium potassium etc.

A door intended to resist the progress of a
fire.

The total quantity of water needed to supply
sprinklers , standpipes and outside hydrants in
a fire situation.

A valve which is actuated by a float and
system of |evers.

A device designed to introduce air into a
pressurized foam solution stream

A device which regulates the flow of a liquid
or gas by raising or lowering a plate into the

pi pevay.

An al arm sounded t hroughout a building, as
di stingui shed froman al arm sounded only in an
admnistrative office or other linited area.

A conducting connection to the earth or to a
portion of an electric circuit that is at zero
potential with respect to the earth.

A termused to describe any one of several

hal ogen-ated gaseous conpounds. The termis
followed by a four or five digit nunber to
identify a specific gas.
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Hose Header

| mpel | er

I ndi cating Device

Initiating Devices

| nspection

| nt ermedi ate Chanber

| oni ze

I nterface

Junction Box

Line Voltage

Listed by UL

Local Energy

A device used for testing fire punps which consists
of a manifold of two or nore, depending on the size
of the punp, 2-1/2 inch hose valves to which hoses
with nozzles are attached. Various flow rates are
achi eved by opening the valves of the individua
hoses.

The rotating part in a fire punp which increases the
wat er supply pressure by centrifugal force.

A devi ce which indicates an alarm supervisory or
trouble condition. Frequently, audible and visual
devi ces such as bells, horns, |anps and flashing

lights are used as indicating devices.

A device used to initiate the sequence of electrical
events which results in a fire alarmor supervisory
signal .

Vi sual and nechani cal checking of the condition of
facilities, perfornmed on a regularly schedul ed
basis, to determne the extent of the nmintenance
and repair work required and to ensure the proper
operation of the systens.

A portion of a differential dry pipe valve which is
bel ow t he cl apper (water side) and is at atnospheric
air pressure when the dry pipe valve is “set” for
operati on.

To convert totally or partially into ions (charged
particles). This principle is used in some smoke
det ectors.

Equi prent which provides terminals for intercon-
necting tw different systems, such as for inter-
connecting a building fire alarmsystemto the base
al arm system

A box containing provisions for nmaking el ectrical
circuit connections.

The voltage supplied by ordinary comrercial
sources, normally 115 to 125 VAC

Equi prent and devi ces whi ch have been found by
Underwiters’ Laboratories, Inc., through testing of
sanmples, to conply with applicable UL standards

Termused to describe one nmethod of tripping a
muni ci pal transnitting device. The power source for
energizing the transmtter trip coil is a part of
the local (building) alarm system

d ossary-7



Mai nt enance

Mast er Box

Mat ri x

M sci bl e

Modul e

Muni ci pal Fire Alarm

Muni ci pal Transmitter

Qbscure

OChmet er

A eophobi ¢

Qpen Circuit

Qper at or

Pi ni on

Tube

Pi t ot

Pl ant

Day-to-day, periodic, or scheduled work required to
preserve or restore a facility or equiprment to a
condition that it can be effectively utilized for
its designed purpose. It includes work to prevent
damage or the deterioration of a facility that
otherwi se would be nore costly to restore.

A municipal fire alarmbox which may be tripped
manual |y at the box or remotely by electrical means.

A rectangul ar array of indicators, usually |anps or
LEDs, for identification of zone status in |arger
al arm syst ens.

Capabl e of being mixed in all proportions.

A sel f-contai ned assenbly of electronic conmponents
and circuitry that performs certain functions in an
alarmsystem  The nodul e usually plugs into a

| arger rack or cabinet assenbly.

A speci al Iy manufactured encl osure housing a box
transmtting device, intended for connection to a

muni ci pal al arm system that can be operated
manual | y.
A device, which forns coded electrical signals,

intended for connection to a nunicipal alarm system
The device can only be tripped renotely by
el ectrical means.

Gbstruct or hinder the nornmnal
its source to a light receiver.

passage of light from
An instrument for measuring resistance to the flow
of electrical current.

Ol hating; having the ability to shed gasoline,
oil, and simlar products.

A circuit which has been broken by opening a switch
or breaking a wire.

Person who operates alarm and communications
equi pnent at an alarm system receiving installation.

A smal | cogwheel or gear that engages, or is engaged
by, a larger gear or a rack.

An instrument for measuring velocity pressure in
flow ng water.

One or nore buil dings under the same ownership or
control on a single property.
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Pl aypi pe

Pneumati c

Pol ar Sol vent

Polarity

Pol ari zed

Poppet

Pot abl e

Power Di sconnect

Pre- Action System

Pre-Prine Caps

Prinming Water

Pri nt - Qut

Proportioning

Public (or Base) Water

A nozzle which is used primarily for fire punp
testing. The standard playpi pe has a 30 inch
barrel with a 1-3/4 inch opening and provision
for a screwon 1-1/8 inch tip. A short

pl aypi pe has a 15 inch barrel. Both playpipes
have swi vel handles to provide a handgrip for
two persons.

Pertaining to air or other gases

A liquid whose nol ecul es possess a permanent

el ectric nonent. Exanpl es are amines, esters
ethers, alcohols, aldehydes, and ketones. In
firefighting, any flamable |iquid which
destroys regular foamis generally referred to
as polar solvent.

The possession of two opposing qualities. The
plus and mnus polarity of a battery or power

supply .
Havi ng polarity.

A piston-like device which acts as a valve to
stop waterfl ow.

Accept abl e for human consunpti on.

A switch for disconnecting and reconnecting
electrical power to a circuit. The switch
housing al so usually contains circuit
protective devices such as fuses or circuit
br eakers.

A sprinkler systemin which the water contro
val ve is operated independently fromthe
sprinklers. Water discharges only fromthose
sprinkl ers which have operated.

Smal | caps placed over the orifices of open
sprinklers or nozzles to permt the piping to
be filled with water.

A smal | armount of water which is added to a
dry pipe valve, downstream of the clapper, to
provide a tight seal

The printed output of a conputer or
conmput erized alarm system receiver.

The action by which foamliquid and water are
m xed to form foam sol ution.

General term used to describe potable water.
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Rectified

Redundant

Regul at ed

Repai r

Ret ar d

Ret ard Chanber

Ri ght Angle Gear Drive

Saponi fication

Shunt Trip

Si anese Connecti on
Sill Cock
Slide Fisplay

Sol enoi d

Converted fromalternating current (AC) to
direct current (DC).

Duplicate or extra. Used in referring to
duplicate equiprment to provide continued
function in case of failure in one set of
equi pnent .

Processed for constant and precise output.

Restoration of a facility or equipment to a
cond- ition that allows it to be used for its
desi gned purpose. Repair may require
overhaul, reprocessing, or replacing parts or
material s that have deteriorated because of
use or tinmne.

An assenbly used to delay the switch action of
a waterflow detector and avoid false alarns.

A mechani cal device which acts as a tine del ay
in sounding an alarmupon flow of water in a
sprinkler system The device consists of a
hol | ow chanber which nust fill with water,
fromthe sprinkler system before actuating
the al arm devi ce.

A mechanism for transmitting power froma
hori zon- tally nmounted punp driver (usually an
engine) to a vertical shaft fire punp.

The al kaline hydrolysis of fats to make soap.

Termused to describe the method of tripping a
muni ci pal transmtting device in which

el ements of a building alarmsystemare
connected in parallel (shunt) with the
transmtter trip coil. Renmoval of the shunt
by the occurrence of an alarmin the building
system causes the trip coil to energize and
the transmitter to run. The trip coil is
energi zed by the nmunicipal system power

source, not the building system

See Fire Departnent Connection.

A garden hose type faucet.

See Display.

An el ectromagnetic device in which electric
current in a coil of wire causes mechani cal
movenment of a metal core. Solenoids are

sonetimes used to actuate val ves and danpers
in a building fire protection system
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Sol enoid Val ve

Solid State

Spri nkl er

Sprinkler Riser

Spurious Alarm

Squi b

Standby Battery

St epped Down

Sur f act ant

Tanmper Switch

Tr ansf or mer

Transponder

Troubl e Signal

Trim

Tripping (Trip Test)

A valve actuated by a sol enoi d.

Rel ated to the technol ogy of sem conductors
which led to the devel opment of transistors,
diodes, light emtting diodes (LEDs), and
ot her devi ces.

A device to distribute water upon a fire.

The portion of a sprinkler system which
contains the system water control valves.

A false alarm wusually caused by a defect in
the al arm system

An expl osive device.

A battery used as a secondary power supply for
operation of a set of fire alarm equipment.

It is usually rechargeable and maintai ned
fully charged by the al arm system power

supply . The changeover from nornal powered
operation to battery powered operation is
automatic in nodern equiprent.

Refers to AC vol tage reduced by the use of a
(step down) transformer to a |lower AC voltage.

A chenical which lowers the surface tension of
a liquid.

A switch which causes a trouble or supervisory
signal if an equipment cover is opened. The
termis sonmetimes applied also to valve
supervisory swtches.

A device used to transfer alternating current
energy fromone circuit to another. A
transformer consists of a pair of inductively
coupled coils of wire, wound on a | am nated
metal core.

A receiver/transmtter activated for

transm ssion by reception of a predeterm ned
signal . “Transponder” is made up of parts of
the words “transmitter” and “responder .“

A signal indicating an al arm system abnor nal
condition requiring correction for the alarm
systemto be fully operational with all
features.

Accessory piping connected to sprinkler valves.

The operation of a dry pipe valve.
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Venturi

Vol t age

Vol ut e

Wet Barrel Fire

Wt Pi pe System

Zone

A constricted portion of a pipe or tube which
increases water velocity, thus nomentarily
reducing its pressure.

El ectrical potential difference, usually
expressed in volts.

The spiral cavity fornmed by a fire punmp casing
surrounding the punp inpeller.

A fire hydrant which is sonetines used in

| ocal hydrantities where freezing weather does
not occur. Waterflow is usually controlled by
a conpression type valve at each outlet,

al though some may have one valve in the bonnet
which controls waterflow to all outlets

A sprinkler system which contains pressurized
water at all times. \Water discharges upon the
operation of automatic sprinklers.

An area or division of a building protected by
one fire alarminitiating circuit. Sometines
the area and the circuit are referred to
interchangeably as the zone. The fire alarm
initiating circuit may be connected to
represent a certain group of initiating
devices instead of a particular area or
division of the building.
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MAI NTENANCE OF FI RE PROTECTI ON SYSTEMS

| NDEX

(Nunbers after entry refer to sections in text.)

A

Abort feature

AC/ DC hi gh speed notors

Accel erator, dry pipe system
Accuracy of neter

Activating base fire alarm system

Advant ages/ di sadvant ages car bon
di oxi de systens
Air check val ves
Air Force
Air pressure
Mai nt enance device
Speci fications
Supervi sory devices
Air pressure indicators

Al arm

Beacon

Bell, electric

Boxes

Check val ves

Connection
Base
Bypassi ng

Consol e

Control wunit

Equi pnent

Headquarters, base
I ndi cating devices
I ndi cators
Initiating devices
Lanps
Service, fire
Signaling, renote
Signal s
Systens

Associ at ed

Base fire

Bui | di ng
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Restore operating condition

Servi ces
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A (continued)

Alarm (continued)
Tel egraph type 2.3.2.1
2. 3.

Tel ephone type 1.1. , 2.3.1.2, 3.10.3.1, 3.10.3.4,
3.10.3.5
Transmitter 2.3.2.1, 3.4.1.6
Al ar ns
Connection to fire 3.10.2
Fal se 2.2.3.4
Local sprinkler system 4.1.4, Figure 4-28
Manual fire 3.6.1
Wat er notor 4.1.4, Figure 4-28
Al cohol type foam 6.1.1.1
Alerting devices 6.4.3, 8.4.3, 10.2.3

Al pha- nuneric

Paper tape recorder 2.2.1.2, 2.3.2.3, Figure 2-4
Printers 3.4.1.5
Altitude val ves 4.3.6.2, 5.18.7.4, Figures 4-63, 64,
Table 5-1
Ammet er checki ng met hod Figure 3-3
Antifreeze
Sol utions Table 4-2
Systens 4.1.2.3, Figure 4-18
Annunci ati on 2.2.1.1, Figure 2-1
Annunci ators 2.2.2.3, 3.4.1.4, Figure 2-8
Appl i ances, audible signal 2.2.2.3, Figure 2-8
Application, |ocal 8.1.1, 8.2.8, 10.1, Figures 8-9, 10-2
Agueous film formng foam (AFFF) 6.1.1.1
Ar my 1.4.1
Around-t he- punp proportioning 6.2.1.5 Figure 6-5
Arrangement
Crcuit 6.4.2, 8.4.2, 10.2.2
Aspirator type foam generat or 6.3.2.1, Figure 6-11
Assenbl y
Fire resistant 12.3
Foam chanber 6.2.2.1, Figure 6-11
Associ at ed al arm systens 6.4, 7.4, 8.4, 9.3, 10.2, 11.3
Audi bl e al arm
I ndi cators 3.8.2
Signal s 2.2, 2.3.2.3
Audi bl e current cutoff/timer 3.4.1.1
Audi bl e signal appliances 2.2.2.3
Aut onatic
Al titude val ves 4.3.6, 5.18.7.4, Figures 4-63, 64
Dialers 2.3.1.2
Fire alarm initiating devices 3.6.2, 3.7
Fire alarm service 2.2.3.2
Pressure regulating valves 4.3.6, Figures 4-62, 63, 64, 65, 66
Sprinkler systens 4.1, Tables 1-1, 2, 5-1
Sprinkl ers 4.1.1.1, 5.2, Table 5-2
St andpi pe systens 4.2, 5.12, Table 5-1
Tape dial er 2.3.1.2
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A (continued)

Automatic (continued)
Transfer

Auxi liary
Air check valves
Devices, alarm system
Dry pipe valves
Units

B

Backf | ow preventor

Bal ance pressure proportioned
Base al arm systens

Base fire alarm system

Base system water supply
Battery

Battery charger

Beacon, rotating evaluation alarm
3.8.2.5

Beam scal e wei ghing device
Beam t ype photoel ectric detector
Bel |, electric

Bells

Bi-metallic elenent

Bl ower type foam gener at or

Box, radio cal

Boxes, fire alarm

Buil ding alarm systens

Butterfly valve indicator
Butterfly valve position switch

c

Call box, radio

Capacitors

Cartridge, dry chemcal gas
Cat hode ray tube (CRT)
Cathodi ¢ protection equipnent
Carbon dioxi de systens

Central station alarm system
Coded

Centrifugal punp

Chanber assenbly, foam

Charger, battery

Check valve, detector

Check val ves

Checking method
Amret er

2.4.1.5
4.1.2.2
2.2.2.5
4.1.2.2
3.5
4.3.5.3, 5.18.7.3, Figure 4-61
6.2.1.4, Figure 6-4
2.2.1.4, 2.3, 3.9, 3.10
2.2.2.5, 2.3
4.3.1
Table 3-1
2.2.2.4, 2.3.2.5, Figure 2-9
3.8.1.3
3.8.2.6
9.1.1, Figure 9-1
3.6.3.3, 3.6.3.6, 3.6.3.7
2.2.3.3, 4.1.4
3.8.2
4.1.1.1, Figure 4-5
6.3.2.2, Figure 6-12
2.3.1.2, 2.3.2.3
3.6.1.1, 3.6.1.2, Figures 2-12, 28, 3-12
2.2, 2.3.2.5, 3.4.1, 3.9, 3.10.1
3.7.1.3, 3.7.1.5, 3.7.1.6, 4.3.4.2
Figures 2-18, 19
2.3.1.2, 2.3.2.3
3.3.3, Figure 3-1
10.1.1.1, Figure 10-5
2.2.1.2, 2.3.2.3, Figure 2-4
5.18.4.7, Table 5-1
8.2, 9.1, Figures 8-1, 2, 3, 4, 5, 6,

7, 8, 9, 10,

[E=Y

0.3.1, 3.10.4.2

9-1, Table 9-1

7

Figure 2-9

57, Table 5-1

5.7, 5.8, 5.18.7.1,
10, 54, 55, 56, 57,

2.3
3.1
4.3.3, Figures 4-38, 43
6.2.2.1, Figure 6-
2.2.2.4, 2.3.2.5,
4.3.5.2, Figure 4-
4.1.2.1, 4.3.5.1,

Fi gures 4-9,

Table 5-1
Figure 3-3

| ndex- 3



C (continued)

Checki ng method (continued)

Capaci t or Figure 3-1
Di ode bridge Figure 3-2
Checks, mercury 4.1.2.4, Figure 4-23, Table 5-1
Cheni cal extinguishing systens 10, 11, Figure 10-1, 2, 3, 4, 5, 6,
Table 11-1
Chi mes 3.8.2.3, 3.8.2.6
Crcuit
Arrangerment and function 6.4.2, 8.4.2, 10.2.2
Base al arm system 3.10.3
Breakers 3.3.6
Cl osed 3.5.3.4, 3.5.4.2, Figure 2-33
Coded Figures 2-6, 7
Fan shut down Figure 2-10
Faul ts 3.5.3, 3.5.4, Figures 3-7, 8, 9, 10, 11
I ndi cating 2.4.1, 3.5.4, Figures 2-29, 32, 35
Initiating 2.2.2.2, 2.4.1, 3.5.3, Figures 2-24,
30, 33, 34, 3-lo
McCul | oh 2.4.1.2, 3.10.3.4, Figure 2-31
Open 3.5, Figures 3-9, 11
Renot e signal i ng 2.4.1, Figure 2-26
Series 2.2.2.2, 2.4.1.3, 3.5.3.4, 3.5.4.2,
Figures 2-33, 35, 3-11
Short 3.5.3, 3.5.4
Shunt 2.2.2.2, Figure 2-6
Supervi sed 2.4
Tel ephone line 2.3.1.1
Unsuper vi sed 2.4.1.4, 3.5.3.3, 3.5.4.1, Figures 2-34
3-10
Grculation heating 4.3.2.2, Figures 4-35, 36
Crculation relief valve 4.3.3
Class A circuit faults 3.5.3.6, 3.5.4.4, Table 3-1
G ass A supervision applications 2.4.1.2
Class B circuit faults 3.5.3.5, 3.5.4.3
C ass B supervision applications 2.4.1.1
Cl asses, supervision 2.4.1
C assification
Base fire alarm systens
Signal transm ssion method 2

St andpi pe systens
Closed circuit
C osing val ves, emergency

=P

.3, 3.5.3.4, 3.5.4.2, Figure 3-11

Closure, fire door 2.5, 12.3.3
Coded al arm system 1.2, 2.2.2.2, 2.3.1.1, 3.4.1.3,
3.4.1.6, 3.6.1.2, Figures 2-6, 7,
3-4, 5, 12
Base al arm system 3.9.3, 3.10.3.2
Central station system 2.3.1.3, 3.10.3.1, 3.10.4
Sel ective 2.2.1.2
Transnitters 3.10.4
Coi |, steam heating 4.3.2.2

I ndex -4



C (continued)

Conbi nati on detectors
Conbi nation U/ IR detectors
Combi ned sprinkler system
Conbi ned st andpi pe system
Conpartnmental i zed stairwells
Conponent s

Base al arm system

Bui | ding al arm system

Dry chem cal extinguishing

Mai nt enance of commmon

Phot oel ectri ¢ snmoke detect or

Rate of rise detection
Concentrates, foam
Connecti ons

Base al arm

Bui I ding alarm

Fire departnent

Foam di scharge

Hose

St andpi pe

Supervi sory devices
Consol e, al arm
Contact adj ustnent,
Control panel
Control wunits

McCul | oh
swi t ches

Control valves

Controllers
Converting sprinkler systemns
Cooling water
Cooperati on,
departnents
Coor di nati on,
Coor di nati on,
departnents
Corrosion protection

servi ces and

Navy mai nt enance
servi ces and

Criteria, Maintenance
Cross zoning

Current, operating

Current cutoff/timer

D

Danpers, fire

Dat a gat hering panel

Data sheets, manufacturers
DC Motors

Deactivating sprinkler system
Deficiency detection, repair
Defl ector, sprinkler styles

3.6.2.1

3.6.4.3, 3.6.4.4, 3.6.4.5

4.1.2.6, Figure 4-25

4.2.2

12.2.1, Figure 12-5

2.3.2

2.2.2

10.1.2

3.3

Figure 3-17

4.1.2.5, Figure 4-22

6.1.1.1, 6.3.1, 7.3.1

2.2.1. 4

3.10

4.3.1.2, 5.18.3, Figure 4-31

Figure 6-10

5.12

5.12

3.10.2

2.3.2.1, Figures 2-4, 28

Figure 3-4

3.3.7

2.2.1.1, 2.2.2.1, 3.4.1, 3.5 Figures
2-1, 5

4.3.4, 5.14, 5.18.6, 6, 7, Figures 4-51
52, 53, Tables 5-1, 7-1

4.3.3.3, Figure 4-50, Table 5-1

5.16

4.3.3.3, Figure 4-48

1.3

1.4.2

1.3

4.3.2.3

1.5

6.4, 7.4.2, 8.4, 9.3.2, Table 9-1

2.3.1.1

3.4.1.1

12.3. 4

2.3.2.1, Figure 2-25

3.2

3.3.8.2

5.15

1.6.3

4.1.1.1, Figure 4-1

I ndex -5



D (continued)

Defl ection, obstruction of neter
Def | ect or
Del uge systens, water

Del uge val ves

Depart nent connections, fire
Det ection
Conmponents, rate or rise
Deficiency, repair
Mechani cal systens
Doors, fire
Det ector check val ve
Det ect or conponents, snoke
Det ect or power supply, snoke
Det ect ors
Conbi nat i on
Dry pipe
Duct type

Fi xed tenperature
Fl ane act uat ed
Heat

I nfrared

| oni zation snoke

Li ne type
Phot oel ectric snoke
Rat e conpensat ed

Snoke

Therm st or

Ther nopi | e

U traviol et

UM IR

Wat er f | ow
Devi ces

Ai r pressure mintenance
Al arm i ndi cati ng
Alerting

Automatic initiating
Auxiliary alarm

Beam scal e wei ghi ng

Car bon di oxi de operating
Dry cheni cal

I ndi cating

Initiating

Punp
Rel ease

1
4, Figure 4-19

4, 4.1.2.7, 5.10, Figures 4-20,
21, 26, Table 5-1

2

, 5.18.3, Figure 4-31

o
w
|

4, Figure 4-22

2, Figure 4-57
e 3-17

wWwwhdNhT AR R

, 3.6.3.5, 3.6.3.7,
Figure 3-19

, Figures 3-13,

3.6.3.6,
14, 15

.2, 3.6.2, 3.7.6, Figures 3-13, 14

15, 16

2.2.3.2, 2.2.3.7, 3.6.4.1
3.6.4.5, Figure 3-20

.3, Figure 3-18, 19

2.2

.3, Figure 3-17

.2.1, Figure 3-16

2.4, 2.2.3.2, 2.2.3.7,

3-17, 18, 19

3.6.4. 4,

N w0 W w w
NoOOOoOToO O

3.6.3, Figure

N W w
N O o

3.6.4. 4,

w w
NEPENMORNE oo

NNBE®OON®oON S

~N &
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D (continued)

Devi ces (continued)

Si gnal

Super vi sory
Dialers, autommtic
Di esel engine, fuel system
Differential dry pipe valve
Digital dialer
Di ode bridge checking
Di odes
Direct-fired tank heaters
Di sadvant ages/ advant ages car bon

di oxi de system

Di scharge of steam heating, direct
Di spl acenent type neter

Di spl ays, coded signal

Door hol der

Doubl e-acting altitude valves

Doubl e check valves

Drill switch

Drivers for fire punp notors

Dry barrel fire hydrant

Dry chemical systems

Dry pendant sprinkler
Dry pipe sprinkler system
Dry pipe valves
Dry standpipe systens
Duct type snoke detector
E
Electric

Alarm bel |

Fire punp

Motor driven fire punp
El ectri cal

Initiating devices
Rel ease devices
El ectronagneti c door hol der
El ectronic
Level indicators
Pressure drop detector

Embankment supported water tanks
Emergency, closing control valves
Energency generators
Engi ne

Cool i ng

Driven fire punp

3.10.5, 3.10.6

3.7, Figure 3-28

2.3.1.2

4.3.3.3, Figure 4-49

4.1.2.2, Figures 4-12, 15, Table 5-3

2.3.1.2

3.3.4, Figure 3-2

3.3.4

4,3.2.2

8.2.3

4,3.2.2

4.3.5.2, Figure 4-59

2.2.1.2

2.2.2.5, Figure 2-11

4.3.6.2, Figure 4-63

4.3.5.1, Figure 4-56

2.2.2.1

4.3.3.3, Figures 4-45, 47

4.3.1.1, 5-18.2, Figure 4-29

10, 11, Figures 10-1, 2, 3, 4, 5 6
Table 11-1

4.1.1.2, Figure 4-6

4,1.2.2, 3.6.5.6, 3.7.6.1, 3.7.6.4,
3.7.6.5, Figures 4-13, 14

4.1.2.2, 5.8, Figures 4-11, 12, 15,
Tables 5-1, 3

4,2.2

3.6.3.4, 3.6.3.5, 3.6.3.6, 3.6.3.7,
Figure 3-19

2.2.3.3, 4.1.4

3.7.3

4.3.3.3, Figure 4-45

10. 2. :

7.4.1

2.2.2 5, Figure 2-11

3.7.2 3, 3.7.2.4, 3.7.2.5

3.6.5. 5 3.6.5.6, 3.6.5.7

4,.3.2.1, 5.18.4.4

5.14

Table 3-1

4.3.3.3, Figure 4-48

3.7.4, 4.3.3.3, Figure 4-47, 49, Table 5-1
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E (continued)

Engi ne (conti nued)

Fire pump controller

Mal function indicator
Engi neer, Arny
Equi pnent

Base al arm system

Cat hodi ¢ protection

Expl osi on proof

Schematic diagrans

Typi cal mai ntenance for
Evacuation al arm

Beacons

Lanps
Eval uation, repair
Exhauster, dry pipe system
Expl osive operated deluge valve
Exti ngui shing agent, release of
Extingui shing systens

Abort features

Associ ated al arm system

Carbon di oxi de

Cross zoning

Dry cheni cal

Foam

Gaseous

Hal on

Local application
Rel ease devices
Wet chemi cal

F

Fabric enbankment water tanks
Facilities, signal receiving
Fal se alarm

Fans

Fan Shut down

Fast response foam rel ease
Faults

Filament |anps and LEDs
Finish, sprinkler frane

Fire
Danper s
Department connections
Door s
Door closure
Hydrant s

Loss statistics

.3, Figure 4-50, Table 5-1
3, 3.7.4.6, 3.7.4.7

B w
ANw
AW

N Wb

3.8.2.5, 3.8.2.6
, 3.8.2.5, 3.8.2.6

2, Figure 4-14
7, Figure 4-26
.5, 2.2.3.7

NARPOWWONW®DOTW
NP RPN BN

NESESEER SRS

0 © ©
N W w
w

, 10.1, Figures 8-9, 10-2

BEN©OO®OE o
_QO\I
_|

N

N
N
o

Figure 2-10

3.4, 3.5, Figures 3-7, 8, 9, 10, 11
.1
$1

PowonEeNN R
Hoooo-b[\)'
= ©

12.3.4

4.3.1.2, 5.18.3, Figure 4-31
12.3.3

2.2.2.5, 12.3.3

4.3.1.1, 5.18.2, Figures 4-29, 30
1.9, Table 1-2
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F (conti nued)

Fire (continued)
Punps 3.7.3, 3.7.4, 4.3.3, 5.18.5, Figures
4-43, 44, 45, 46, 47, 49, 50,
Tables 5-1, 4
Trouble signals 2.3.3.2, 3.6.5
Vall's 12.3.2
Fire alarm
Boxes
Connecti on
Control wunit
Initiating devices
Service, automatic
Service, manua
Transmitter
Systens
Fire alarms, manua
Fire department connection
Fi xed tenperature detectors
Fl ame actuated detectors
Fl ashing |anps
Fl oat actuated | evel indicator
“Float” charges
Fl oat val ves
Fl oodi ng exti ngui shing systemns

1.1, 3.6.1.2, Figures 2-12, 28, 3-12

é.l, Figure 2-1

T
«Q
=
@
[N
L}
ol

.18.3, Figure 4-31, Table 5-1
ures 3-13, 14, 15, 16

| -1
.5, 3.8.2.6
4, 3.7.2.5
, Figure 4-62

.1.2, 8.2.7, 10.1, Figures 8-8, 11

OANWWWWRWNWNNWN WL

= 0o

Fl ow meters testing device
Fl uor oprotein foam
Fl ushi ng
Sprinkler systens
Water supplies
Foam
Concentrate
Qality
Sol ution
Foam extingui shing systens

3.3, Figure 4-42
1.1

ok

oo

.18.1

.3.1, Table 7-1

.3, Table 7-1

.3.2

7, Figures 6-1, 2, 3, 4, 5 6, 7
8, 9, 10, 11, 12

o~~~

Forced circul ation heating 4.3.2.2, Figure 4-36

Frangi bl e bul b sprinkler 4.1.1.1, Figure 4-3

Frangi bl e pellet sprinkler 4.1.1.1, Figure 4-4

Frequency of inspection 3.5.1, 5.1, 7.1, 9.1, 11.1, Tables 3-1,
5-1, 7-1, 9-1, 11-1

Friction in neter 3.3.11

Fuel |evel indicator 3.7.4.5, 3.7.4.6, 3.7.4.7

Fuel system for diesel punp 4.3.3.3, Figure 4-49

Full registration meters 4,.3.5.2, Figures 4-58, 59, 60

Function, circuit 6.4.2, 8.4.2, 10.2.2

Funds, availability of repair 1.6.3

Fuses 3.3.6

Fusi bl e l'ink sprinkler 4.1.1.1

| ndex-9



G

Gas cartridge
Gaseous extinguishing systens
Gate val ves

CGenerators, energency
Cenerators, high expansion foam
Gong, water notor

Gravity circulation heating
Gavity steel tanks

Gavity water tanks

Gound fault

H

Hal ogenat ed gas extingui shing
systens (Hal on systens)

Hand- of f -automatic (HOA) switch

Hangers

Har dwar e
syst ens
Har d- wi r ed

Header arrangenent

Heat actuated device (HAD)

Heat detectors

dry and wet cheni cal

Heat ers, tank

Heating nethods

Heating systenms, water tank

Hi gh expansi on foam systens

Hi gh pressure carbon di oxide

syst ens

Hori zont al

Hor ns

Hose
Connecti ons
Header testing
Li ne

split-case punp

Hydrants, fire
Hydraulic flusing

Hydr opneunatic fl ushing
Hydrostatic tests

I

I ndi cating
Crcuit
Crcuit
Contro
Devi ces,

faults
val ves
al arm

-1
1, Figures 2-23, 4-51

3
3-1
, Figures 6-11, 12

abl

3
2
3
3 , 5.18.4.1

3 5.18.4, Figure 4-32
5

, Figure 3-7

e
.3.2
.2.3.3
.3.2.2, Figure 4-35
.3,2.1
.3.2.1

8.3, 9.2, Table 9-1

3.7.4.4, 3.7.4.6, 3.7.4.7

5.4

11.2

2.3.1.2

4.1.2.6, Figure 4-25

4.1.2.4, Figure 4-23

2.2.3.2, 3.6.2, 3.7.6, Figures 3-13

15, 16, Table 3-1

52,

14,

11-1

4.3.2.2

4.3.2.2, Figures 4-35, 36, 37

4.3.2.2, 5.18.4.6

6.3, 7.2, Figures 6-11, 12

8.2.1, 8.2.3, 9.1.1, Figures 8-2, 9-1,

Table 9-1

4.3.3.1, Figures 4-38, 43

3.8.2.2, 3.8.2.5, 3.8.2.6

5.12

4.3.3

8.1.3, 8.2.9, 9.1.1, 10.1, 11.2,
Figures 8-10, 10-4, Tables 9-1,

4.3.1.1, 5.18.2, Figures 4-29, 30
Table 5-1

5.6.1

5.6.2

9.1, 9.2, 11.2, Tables 9-1, 11-1

2.4.1, 3.5.4, Figures 2-29, 32, 25

3.5.4

4.3.4.2

2.2.2.3, 2.2.3.5, 3.8

| ndex- 10



| (continued)

I ndi cator valves 4.3.4.2, Figures 4-52, 53
I ndi cators
Air 3.7.6
Alarm audible 3.8.2, Figure 2-8
Al arm vi sual 2.2.2.3, 3.3.9, 3.8.1
Annunci at or 2.2.2.3
Engi ne mal function 3.7.4.3, 3.7.4.6, 3.7.4.7
Hand- of f -aut omatic (HOA) 3.7.4.4, 3.7.4.6, 3.7.4.7
Lanps, visual 3.3.9
Level 3.7.2, 3.7.4, Figure 3-28
Posi tion 3.7.1, Figures 3-26, 27
Punp power failure 3.7.3.1, 3.7.4.1, 3.7.4.6, 3.7.4.7
Punp running 3.7.3.2, 3.7.4.2, 3.7.4.6, 3.7.4.7
Tenperature 3.7.5
Infrared detectors 2.2.3.2, 2.2.3.7, 3.6.4.1, 3.6.4.4,
3.6.4.5, Figure 3-20
Initiating circuit faults 3.5.3
Initiating circuits 2.2.2.2, 2.4.1, Figures 2-24, 30, 33, 34
3-10, Table 3-1
Initiating devices 2.2.3
Associ ated systens 10.2.1
Crcuits 2.2.2.2, Figures 2-24, 26, 29, 30, 31

32, 33, 34, 35
Coded .2.2, Figures 2-6, 7
Fire alarm
Foam rel ease
Gaseous systens
Noncoded

I nspection of

SECRCEREN
N RO

Associ ated systens 7.3

Backfl ow preventer 5.18.7.3
Carbon dioxi de systens 9.1, Figure 9-1, Table 9-1
Cat hodi ¢ protection equiprent 5.18.4.7
Control valves 5.18.6

Cross zoning 7.3.2, 9.3.2
Detectors 3.6

Dry chemcal systens 11, Table 11-1
Fire danpers 12.3.4

Fire department connections 5.18.3

Fire doors 12.3.3

Fire hydrants 5.18.2

Fire walls 12.3.2

Foam systens 7, Table 7-1
CGaseous systemns 9, Table 9-1
Hal on systens 9.2, Table 9-1
Hanger s 5.4

Heating systens 5.18.4.6

Hose connections 5.12

Meters 5.18.7.2

Pi pi ng 5.4, 5.5

Punp s 5.18.5.1, 5.18.5.2

| ndex-n



| (continued)

[ nspection of (continued)

Rel ease devices 7.3.1
Smoke control systens 12.2
Sprinklers 5.2, 5.3, 5.9, Table 5-1
St andpi pe systens 5.12, Table 5-1
Suppr essi on systens 5.11
Val ves 5.7, 5.8, 5.10, 5.18.7.1, Table 5-1
Wat er mains 5.18.1, Table 5-1
Water tanks 5.18.4, Table 5-1
I nspecti ons
Mai nt enance, Navy 1.4.2
Mai nt enance, program 1.6.1
Installation of
Car bon di oxi de system 8.2.7, 8.2.8, 829, Figures 838, 9, 10
Dry chemcal systens 10.1, Figures 10-1, 2
Fl ow meter 4.3.3, Figure 4-42
Proporti oner 6.2, Figures 6-1, 2, 3, 4
Punp 4.3.3, Figures 4-38, 39
Switch 3.7.1.1, 3.7.1.2, Figures 3-26, 27
Water supervisory devices 3.7.2, Figure 3-28
I nstructions, maintenance, Navy 1.4.2
Interlock to other building 2.2.3.7, 6.4.2, 8.4.2, 10.2.2
syst ens
Internal combustion engine 4.3.3.3, Figure 4-50
Interruptions to systens 5.13
| oni zati on snoke detector 3.6.3, Figures 3-18, 19
J
Joint service responsibility 1.4
K
Key- operated control valve 4.3.4.1, Figure 4-51
L
Lanps 3.3.9
Fi | ament 3.3.9.1
Fl ashi ng evacuation al arm 3.8.1.2, 3.8.2.5, 3.8.2.6
Neon 3.3.9.2
Socket s 3.3.9.4
Total assenbly 3.3.9.3
Zone annunci at or 3.8.1.1, 3.8.2.5, 3.8.2.6
Lat ched-cl apper dry pipe valve 4.1.2.2, Figure 4-17
LEDs (light-emitting-diodes) 2.2.2.3, 3.3.9.1
Level indicators 3.7.2, 3.7.4.5, 3.7.4.6, 3.7.4.7
Figure 3-28
Level supervisory devices 3.7.2
Level switch, water 2.2.3.5, Figure 2-21
Light-enmtting-di odes (LEDs) 2.2.2.3, 3.3.9.1

| ndex-12



L (continued)

Li ne proportioning

Line type detectors

Li ne voltage contol unit
Line voltage systens
Link, fusible

Local alarm system

Local alarm systens for sprinkler

systens
Local application systens
Loss, fire, statistics
Low back pressure foam nmakers
Lowdifferential valve
Low expansi on foam systens
Low pressure carbon di oxi de
Low tenperature indicator
Low voltage control unit
Low vol tage systens

M

Mai n drain test

Mai nt enance
Abort feature
Al arm i ndi cating device
Associ ated al arm systens
Backf | ow preventer
Base alarm system circuits
Characteristic, typica
Component s, conmon
Connections
Criteria
Detectors

Dry chemical systens
Fire danpers

Fire doors

Fire hydrants

Fire punmp supervisory devices

Fire walls
Foam systens
Gaseous systens
Hal on systens
Hydrant s
| mportance of
I ndicating devices
Manual fire al arms
Pol i ci es
Power supplies
Program

Navy
Ref erence materials

6.2.1.1, Figure 6-1

3.6.2.2

3.4.1.1

2.2.1.3

4.1.1.1

2.2.1. 4

4.1.4, Figure 4-28

8.1.1, 8.2.8, 10.1, Figures 8-9, 10-2

1.9

6.2.2.1

4.1.2.2, Figure 4-15

6.2, 7.1

8.2.2, 8.2.3, 9.1.2, Figure 8-3, Table 9-1

3.7.5

3.4.1.2

2.2.1.3

Table 5-1

3, 5, 7, 9, 11

9.3.3

3.8.2.5

9.3, 11.3

5.18.7.3

3.10.3. 4

3.4

3.3

5.12

1.5

3.6.2.1,3.6.2.2,3.6.3.6, 3.6.4.3,
3.6.5.6

11, Table 11-1

12.3.4

12.3.3

5.18.2

3.7.4.6

12.3.2

7.2, 7.3, 7.4.1, 7.4.2, Table 7-1
Figure 9-1, Table 9-1

.2, Table 9-1

.18.2

o
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M (conti nued)

Mai nt enance (conti nued)

Signal receiving devices .10.5.1
Signal recording devices .10.6.1
Sprinkl er systems, automatic , Table 5-1

St andpi pe systens, automatic

3

3

5

St andar ds 1.
5

Supervi sory devices 3
5

Suppr essi on systens, high 1
speed
Transmtters 3.10.4.6
Val ves
Al titude 5.18.7.4
Check 5.7, 5.8, 5.18.7.1
Control, sprinkler 5.18.6
Del uge 5.10
Gate, above ground 5.18.6.1
Pipe, dry 5.8
Pre-action 5.10
Water mains 5.18.1
Water tanks 5.18.4
Waterflow neters 5.18.7.2
Mal function indicator, engine 3.7.4.3, 3.7.4.6, 3.7.4.7
Manual fire alarm service 2.2.3.1, Figure 2-12
Manual fire al arms 3.6.1, Figure 2-12, Table 3-1
Manuf acturer’s data sheets 3.2
March-tinme coded 2.2.1.2
Mast er coded 2.2.1.2
McCul | oh devi ces 2.3.2, 2.4.1.2, 3.4.1.6, 3.10.3.4,

Figures 2-27, 31, 3-4, 5, 6

Mechani ca
Detection systens 4.1.2.4
Dry pipe valve 4.1.2.2, Figure 4-17
Fl ushi ng 5.6.3
Mercury checks 4.1.2.4, Figure 4-23
Met er 3.3.11, 4.3.5.2, 5.18.7.2, Figures 4-42.

57, 58, 59, 60

Moni t or - nount ed f oam nozzl e 6.2.2.1, Figure 6-6
Moni toring signals 2.3.3
Mot or 3.3.8, 4.3.3.3, Figures 4-45, 46
AC synchronous 3.3.8.4
Alarm water 4.1.4, Figure 4-28
DC 3.3.8.2, 3.3.8.3
Gong, water 2.2.3.3, Figure 4-28
Punp, fire 4.3.3.3, Figure 4-45, 46, 47
Spring 3.3.8.1
Mul tiple annunciation 2.2.1.1
Mul tipl ex 2.3.1.2, 2.3.2.3, 3.10.3, 3.10.4,
Figure 2-25
Muni ci pal base system coded 3.10.3.2
Muni ci pal type
Al arm system 2.3.1.1, 2.3.1.2, 2.3.1.3
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M (continued)

Muni ci pal type (continued)
Recei vers
Transmitters, coded

N

National Fire Protection
Associ ation (NFPA)
Navy
Neon | anps
Noncoded
Alarm circuit
Al arm system
Base al arm system
Fire alarm boxes
Initiating devices
Renmote station
Transmtters
Noni ndi cating control valves
Noninterfering initiating circuits
Notification equi pnent
Nozzl e system
Nozzl es
Carbon di oxi de
Dry cheni cal
Foam
Hal on
Wat er spray

O

Qbstructed piping
Qbstruction of neter deflection
On-of f  sprinkl er
Open circuit
Open sprinklers
Qperating condition,
Operating current
Operating devices
Operating voltage
Oifice size
OSHA regul ations
Qutside open sprinklers
Qut si de screw and yoke val ve
(0s&Y)

restore

P

Panel
Paper
Pel | et

data gathering
tape recorder
sprinkler, frangible

N

.3.2.3
3.10.4.3

w
w
©
N

NN R R

, 3.10.4.6, 3.10.4.7

, Figure 4-51

PR ROODLLOND
PPN OBEERENOONDW

2.7, Figure 4-27
.2.6, Figure 8-4, Table 9-1
0.1.2.3. , Table 11-1
1, Figure 6-5 Table 7-1
Figure 8-13, Table 9-1
4, Figure 4-8

-l>030"|—‘03

.2.2.
.3.5,
2101,

s 3-9, 11
.3, Figure 4-7

CH 10 1.2.1
3.

woErRANvONSR WO

.1.1, 3.7.1.5,
Fi gures 2-13,

3.7.1.6, 4.3.4.2,
14, 3-26, 4-53

NN
HNOO

4. 1.5, Figures 2-3, 4
i gur
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P (continued)

Per f or mance summary, automatic
sprinkl er

Performance testing of fire punps

Phot oel ectric snoke detector

Pil ot operated nozzle system

Pi pe sprinkler system

Pi pe val ves

Pi pi ng
t ube

Pi t ot
Pl V

PI'V position switch
Plant type wring
Plastic sprinkler
Pl ugs, pre-prine
Pol i cies, maintenance

Policy, Ar Force

Portabl e cylinder weighing device
Position indicator

pi pe

Post indicator valves (PlV)
Power
Crcuit faults
Fai | ure indicator
Secondary
Super vi si on
Suppl i es
Pre-action sprinkler system
Pre-action valves
Pre-prinme plugs
Presignal al arm
Pressure
Backf| ow preventer, reduced
Carbon dioxide cylinders
Det ectors
3.6.5.6
Dry chenicals
Foam makers
I ndi cators
Mai nt enance devi ce
Proportioni ng, foam
Regul ati ng Val ve

applications

Supervi sory devices
Swi t ches
Val ves

Wat er tanks

Tables 1-1, 2

B

w

workEARwNd whk Ehhowoo
~w

NP RORREN

N I A SEARAEN

w o >
oN W

PoPrwopR
WNE NN

N w

N~

NEEPEENRLONOW

0.1

3

2.7, F

2.1, 4

2.2, 5
e

0.3.2,

igure 4-27

.1.2.2, Figures 4-13, 14
.8, Figures 4-11, 12, 15
5-3

5.5,7,8.2.5,8.3. 4,
Table 7-1
Figure 4-41
1.2, 3.7.1.5, 3.7.1.6,
Figures 3-27, 4-52
3.5, Figures 2-16, 17
3.10.3.4, 3.10.3.5

. 17,
Tabl
3, 5.4,

10.1.2. 2,
3, 5.18.1,
4,3.4.2

3
2.4, Figure 4-24

w w

Figure 2-36
2.3.2.5, 3.10.7

.10, Table 5-1
igure 4-24
.2.3. 4

NN NN N W W
whoouprpOOR P
N 11O

(S}

.3, 5.18.7.3
Figure 8-1
5.1, 3.6.5.2, 3.6.5.4

3.6. 5.7, Figure 3-22
1 Figure 10-6 -
1, 6.2.2.2, Figures 6-9, 10
2, 3.7.2.4, 3.7.2.5, 3.7.6
2
2

Figure 4-61

. 2,

, Figure 4-16
, 6.2.1.3, 6.2.1.4, Figures 6-2,
, Figures 4-62, 63, 64, 65, 66,

b

2
2
2
1.
6, Fi

Table 5-1

.6
.3.3, Table 9-1

.3, 4.3.6, 5.18.7.4, Figures 4-62

64, 65, 66, Table 5-3

.2.1, 5.18.4.5, Figure 4-34

| ndex- 16
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P (continued)

Pressurization, stairwell
Preventer, backfl ow
Prinmary power
Printers
Procedures
Program nai nt enance
Proportional type neter
Proportioner
Around- t he- punp
Bal anced pressure
Proprietary base system

Proprietary type al arm system

Protected power supplies
Protection, corrosion

Protection, equipnment, cathodic

Protein foam

Public water supplies

Public Works

Punp
Centrifuga
Controller
Engi ne cool i ng
Engine driven fire
Foam
Mot or controller
Mot ors

Power failure indicators

Runni ng i ndi cator
Supervi sory devices
Troubl es

Punps

R

Radi at or heating
Radi o call box

Radi o frequency base system

Radi o frequency transmitters
Rapi d reaction water suppression

Rate of rise detectors

Rating, tenperature

Recei vers

Recei vi ng
Devi ces, signal
Facilities, signal
Station power supply

1
4
2
2
3
1
4

whow

N

3
2
2

PHOWWERANRRARE PROORANNWOO

NENES

ndex- 17

2.2.1, Figures 12-1, 2, 3, 4, 5
.3.5.3, 5.18.7.3, Figure 4-61
.3.2.5
.2.1.2, 3.4.1.5
.5
.6, 1.4.2
.3.5.2, Figure 4-58
.2.1.5, Figure 6-5, Table 7-1
.2.1.4, Figure 6-4, Table 7-1
10.3.2, 3.10.3.4, 3.10.3.5
.3.1.1, 2.3.1.3
3.2.5
3.2.3
18.4.7
1.1.1
3.1
4.2
3.3, Figures 4-38, 43
3.3.3, Figure 4-50
3.3.3, Figure 4-48
3.3.3, Figure 4-47
, Table 7-1
3.3.3, Figure 4-46
3.3.3, Figures 4-45, 46
7.3.1, 3.7.4.1, 3.7.4.6, 3.7.4.7
7.3.2, 3.7.4.2, 3.7.4.6, 3.7.4.7
7.3, 3.7.4
able 5-4
3.3, 5.18.5, 7, Figures 4-38, 39, 40
42, 43, 44, 45, 47, 49, 50,
Table 7-1
3.2.2, Figure 4-37
.3.1.2, 2.3.2.3, Figure 2-28
3.2, 3.10.3.3, 3.10.3.4, 3.10.3.5,
Figure 2-28
10.4.5, 3.10.4.6, 3.10.4.7
.1.2.7
6.2.1, 3.6.2.2, 4.1.2.4, Figures 3-15,
16, 4-22
1.1.1, Table 4-1
3.2.3, 3.10.5, Figure 2-28
10.5, Figure 2-27, Table 3-1
.3.2.2
.3.2.5



R (continued)
Recorders

Recordi ng devi ces
Reduced pressure backfl ow
prevent er
Reduci ng val ves,
Ref erence materi al s,
Regi st er
McCul | oh tape
Paper tape
Regul ating val ves
Resi dential sprinkler systens
Rel ay, trouble
Rel ays
Rel ease devi ces
Rel ease extingui shing agent
Rel i ef valve
Remot e
Al arm si gnal i ng
Annunci ati on
Grcuit, signaling
Recei vers
Station al arm system

pressure
mai nt enance

Transmtters
Repai r
Repl acenent
Resi stors
Responsi bility, joint service
Rot ati ng evacuation al arm beacons
Rubberized fabric water tank
Runni ng indicators, punp

cost

S

Safety
Al r
Ar ny
Navy

Scal e, beam

Schematic wiring diagrans

Screw and yoke val ve, outside

(O8&Y)

Secondary power

Sel ective coded al arm system

Series circuit

Force

Service responsibility, joint
Services, fire alarm
Short circuit faults

Short circuits

2.2.1.2, 2.3.2.3, 2.3.2.4, 3.4.1.5,
Figures 2-3, 4

3.10.6, Table 3-1

4.3.5.3, 5.18.7.3, Figure 4-61

4.3.6.3, Figure 4-65

3.2

2.3.2.4

3.4.1.5 "

4.3.6, Figures 4-62, 63, 64, 65, 66

4.1.2.8

2.4.1.1

3.3.1

7.4.1, 9.3.1, 11.3.1

2.2.2.5, 2.2.3.7, 6.4, 8.4, 10.2

4.3.3, 4.3.6.4, Figures 4-42, 66

2.2.3.6

2.2.1.1, Figure 2-2

2.4.1.1, 2.4.1.2, Figures 2-26, 31

2.3.2.3

2.3.1.1, 2.3.1.3, 3.10.3.1, 3.10.3.4
3.10.3.5

3.4.1.6

1.6.3

1.6.3

3.3.2

1.4

3.8.1.3, 3.8.2.5, 3.8.2.6

4.3.2.1, 5.18.4.4

3.7.3.2, 3.7.4.2, 3.7.4.6, 3.7.4.7

1.4.3

1.7

1.4.2

9.1.1, Figure 9-1

3.2

3.7.1.1, 3.7.1.5, 3.7.1.6, 4.3.4.2
Figures 2-13, 14, 3-26, 4-53

2.3.2.5

2.2.1.2

2.2.2.2, 2.4.1.3", 3.5X.4, 3.5.4.2
Figures 2-33, 35, 3-11

1.4

2.2.3, 2.3.3

3.5.3.1, 3.5.4, Figures 3-8, 10

3.5.3, 3.5.4
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S (continued)

Shunt circuits

Signa
Appl i ances
Power supply
Recei vers
Receiving devices
Receiving facilities
Recor ders

Recording devices

Transmi ssi on

Transmtters
Signaling, renmote alarm
Signaling circuit

Signal s
Al arm
Moni tori ng
Transmitted to headquarters
Troubl e
Single-acting altitude valve
Size, orifice, sprinkler
Smoke contro
Smoke detectors

Sockets, |anp
Sol utions, anitfreeze
Speakers

Specifications, dry pipe valve
Spot type detectors

Spray nozzles
Spring notors
Spri nkl er

Control valves

Defl ector styles

Frame finish

[ nspection

Mai nt enance

Pre-prine plugs

Pressure indicators

Supervisory alarm

Supervisory signals

Systens

Tenperature ratings

Waterfl ow detectors
Sprinklers,

Aut omati ¢

Bi -netallic el enent

Dry pendent

3.4.1.5,

2, Figures 2-26, 31,

2.4.1.5

3.6.3,

Table 3-1

3.6.3.6,

Fi gures

2.2.2.2, Figure 2-6

2.2.2.3, Figure 2-8

2.3.2.5

2.3.2.3

3.10.5

2.3.2.2, Figure 2-27

2.2.1.2, 2.3.2.3, 2.3.2.4,
Figures 2-3, 4

3.10.6

2.3.1.2

2.3.2.1, 3.4.1.6, 3.10.4

2.2.3.6

2.4.1.1, 2.4.1
Table 3-1

2.2, 2.3.2.3

2.3.3

3.9.1

2.3.2.5, 2.4.1.1, 2.4.1.2,

4.3.6.2, Figure 4-64

4.1.1.1

12.2, Figures 12-1, 2, 3, 4, 5

2.2.2.4, 2.2.3.2, 2.2.3.7,
Figures 3-17, 18, 19,

3.3.9.4

Table 4-2

3.8.2.4, 3.8.2.5, 3.8.2.6

Table 5-3

3.6.2.1, 3.6.3.1, 3.6.3.2,
3.6.3.7, 3.6.4

4.1.1.4, Figure 4-8

3.3.8.1

5.14, 5.15, 5.16, 5.18.6,
4-12, 19, 51, 52, 53

4.1.1.1, Figure 4-1

4.1.1.1

5.2, 5.3, Table 5-1

5.2, 5.3

4.1.2.4, Figure 4-24

3.7.6.1

2.2.3.5, 3.6.5, 3.7

2.3.3.3

4,5

Table 4-1

3.6.5

4.1.1

4.1.1.1

4.1.1.1, Figure 4-5

4.1.1.1, Figure 4-6
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S (continued)

Sprinklers (continued)

Foam 6.2.2.1, Figure 6-8
Frangi bl e bul b & pellet 4.1.1.1, Figures 4-3, 4
Fusible |ink 4.1.1.1
on- of f 4.1.1.1
Open 4.1.1.3, Figure 4-7
Performance, summary Tables 1-1, 2
Spare Table 5-2
Testing 5.2, Table 5-1
Stairwel |, conpartnentalized 12.2.1, Figure 12-5
Stairwel | pressurization systens 12.2.1, Figures 12-1, 2, 3, 4, 5
Bottom injection 12.2.1, Figure 12-1
Mul tiple injection 12.2.1, Figures 12-3, 4
Top injection 12.2.1, Figure 12-2
St andar ds
Air Force 1.4.3
Mai nt enance 1.5
OSHA 1.7
St andpi pe systens 1.2, 4.2, 4.3, 5.12, 5.13, 5.18,
Table 5-1
Station 3.10.3.1, 3.10.3.4, 3.10.3.5
Central 2.3.1.3, 3.10.4.2
Power supply 2.3.2.5
Recei vers 2.3.2.3
Renot e 2.3.1.3
Transmtters 3.10.4.1, 3.10.4.6, 3.10.4.7
St eam heat i ng 4.3.2.2, 5.18.4.6
Steel col ums Figure 12-6
Steel tanks 4.3.2.1, 5.18.4.1
St orage tank 4.3.2, 6.2, 8.2.2, Figures 4-32, 33, 34,
6-3, 8-3
Stored pressure 10.1.1.2, Figure 10-6
Structural menbers 12.3.1
Styles, deflector Figure 4-1
Suction water tanks 4.3.2.1, 5.18.4.1, Figure 4-33
Super vi sed
Crcuits 2.4
Crcuit faults 3.5.3.4
Supervi sion applications 2.4.1, Figure 2-36
Supervi sory
Alarm 2.2.3.5
Devi ces 3.7, 3.10.2, Figures 2-21, 22, 3-28
Pressure switch 3.7.6
Signal s 2.3.3.3
Switch installation Figures 3-26, 27
Suppl i es
Power 2.2.2.4, 2.3.2.5, 3.10.7
at er 4.3
Suppr essi on system 5.11
Swing check valve 4.3.5.1, Figure 4-54
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S (continued)

Swi t ches

Synchronous AC notors

T

Tags

Tank heaters

Tanks
Bl adder
Car bon di oxi de storage
Cat hodi ¢ protection equi prent
Foam pressure proportioning
Pressure
at er

Tape recorder
Tel egraph type alarmtransmtter
Tel ephone type al arm

Tenperature
Detectors
I ndicators
Rating
Supervisory devices
Switch
Test
Frequenci es
McCul | oh
Procedure
Swi t ches
Testing
Abort feature
Associ ated al arm syst ens
Auxiliary units
Base al arm connections
Base alarm systemcircuits
Connections
Control wunits
Detectors

Dry chemi cal

Fire hydrants

Fl ame detectors

Foam systens

Gaseous systens

General procedures

Hal ogenat ed gas extingui shing
syst ens

syst ens

2.2.2.1, 2.2.3.3, 3.3.7, Figures 2-13
14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 3-26, 27

3.3.8.4

.2
.3.2.2,

B w

5.18.4.6

igure 6-3

.2.2, Figure 8-3

.18.4.7

2.1.3

3.2.1, 5.18.4.5

3.2, 5.18.4, Figures 4-32, 33, 34, 35
36, 37, Table 5-1

, 2.3.2.3, 3.4.1.5, Figure 2-3

N
w w N

.2
1
.1, 2.3.1.2,
3.10.3.5

3.10.3.1, 3.10.3.4,

, Figures 3-14, 15

, Figure 3-28
ures 2-15, 22

Twhsww

2
5
1.1, Table 4-1
5
r

1, 7-1, 9-1, 11-1
3.4, Figure 2-31

m—
MORT Q@ NENO

(%)

3-1, 5-
.2, 3.10.

- o1
W= NN o

- !
= ~ =
w

©

[E=Y

[E=Y
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N o
w0
~

N

3.6.3.6, 3.6.4.4,

[EEN

= 0ok
®
o ol

4.4
7.2 3.1, 7.3.2, 9.3.2
i gur 1, Table 9

, 7.
e 9- -1

-

.5
.2, Figure 9-1, Table 9-1
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T (continued)

Testing (continued)
Hanger s
Hydrostatic
I ndi cating devices
Initiating devices
Manual fire alarms
Pi pi ng
Power supplies
Punp s
Rel ease devi ces
Signal recording devices
Signal receiving devices
Smoke control systens
Snoke detectors
Sprinkl er systems, automatic
St andpi pe systens, automatic
Supervi sory devices
Suppressi on system high
speed
Transmtters
Val ves
Altitude
Check
Contro
Del uge
Dry pipe
Pre-action
Waterfl ow detectors
Wat er nmins
Water tanks
Testing devices for punps
Thermi stor detectors
Thernopi | e detectors
Timer/current cutoff
Transfer, automatic
Transformers
Transmi ssi on
Transmtters
Transponder
“Trickle charges”
Troubl e
Rel ay
Si gna
Troubles, fire punp
Tr oubl eshoot i ng
Abort feature
Alarm indicating devices
Associ at ed al arm systens
Crcuit faults
Crcuits
Cross zoning

W ORI W WWOUTWOWww®

NONRNNONWwwROnwanoaoao

PWWRWWA DD W

2
2

PP WORPRPRPR~OOODOON DS

2
.6.3.6

®o-

Moo

P RNw

g~ o

[EEN

w oo

W worw
N~ o1 -

IR

3.7.1.5

Table 5-1
Table 5-1

=~
[N

4,
3

Tabl e
3, 5 7, 9 11
9.3.3
3.8.2.6

11.3.3
3.5.3,

(G2 B TN V)

Figures 4-41, 42

(3, I = NEGEN

.1
2.

S
5-4

F

3.10.3.5
7.4.2
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3.4.1.6, 3.10.4, Table 3-1

2.4.1.1, 2.4.1.2, 2.4.1.5

gures 3-7, 8, 9, 10, 11



T (continued)

Tr oubl eshoot i ng
Detectors

(conti nued)

FIl ame detectors

Manual fire alarns
Power supplies
Punps

Recei ving devices
Recording devices
Smoke detectors
Supervi sory devices
Transmitters
Waterfl ow detectors

Tube, cathode ray (CRT)

Tube, pitot

Turbi ne punp

Turbo type full registration neter

U

U traviolet detectors

U/ IR detectors

Unsuper vi sed
Crcuit
Crcuits

faults

Val ve
| ndi cat or

Position sw tches

Pressure specifications

Supervi sory devices

Switch installations
Val ves

Altitude

Check

Contro
Del uge
Dry pipe
Fl oat

Gate

I ndi cator, post

N W

3

3

PAEAANOOOWWWOIW®wW

@
N
.!A

3.6.2.2,
3.6.5.7

3.6.3.7, 3.6.4.5,

-
s o

Table 5-4

como:
o oo ~;
I\)I\)_!\)I\)

.(JO h
~

0.4.7
.5.6
.1.2, 2.3.2.3,

Figure 4-41
, Figures 4-39, 40, 44

2, Figure 4-60

Figure 2-4

PouwwporNorrRrRroo®

O wwwr o

.3.7, 3.6.4.2,
Figure 3-21
4.4, 3.6.4.5

3.6.4.4,

gure 3-10

Figures 2-34, 3-10

3.7.1.4, 3.7.1.5, 3.7.1.6,
Figures 4-52, 53
14, 18, 19, 20, 23,

7.1.1,
4.3.4.2

7, Figures 2-13,
3-26, 27

Table 5-3

3

7.1, 3.7.1.5 3.7.1.6

Figures 3-26, 27

4,

4,
4

s
w w w

8.7.4, Figures 4-63, 64
1, 5.7, 5.8, 5.18.7.1,
10, 54, 55, 56, 57
8.6, 7, Figures 4-51
le 7-1

5.10, Figures 4-20,
5.8, Figures 4-11,
Table 5-3
1, Figure 4-62
.18.6.1, Figure 2-23
Figure 4-52

12, 15,
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V (conti nued)

Val ves (continued)
Qutside screw and yoke (CS&Y)

@
\‘

.1.1, 3.7.1.5, 3.7.1.6, 4.3.4.2
Figures 2-13, 14, 3-26, 4-53

Post i ndi cator 4.3.4.2, Figure 4-52
Pre-action 4.1.2.5, 5.10
Pressure regul ating 4.3.6, Figures 4-62, 63, 64, 65, 66
Rel i ef 4.3.3, 4.3.6.4, Figures 4-42, 66
Vane type
Swi t ches .2.3.3, Figure 3-23
Wat er f| ow det ect or 3.6.5.3, 3.6.5.6, 3.6.5.7, Figure 3-23
Verti cal
Radi at or heating 4.3.2.2, Figure 4-37
Tur bi ne punp 4.3.3, Figures 4-39, 44
Vi sua
Al arm signal s 2.2
I ndi cators 2.2.2.3, 3.3.9, 3.8.1
Vol t age
Cel | Table 3-1
Control Unit 3.4.1.1, 3.4.1.2
Systens 2.2.1.3, 2.3.1.1
W
Vafer check valve 4.3.5.1, Figure 4-55
Valls, fire 12.3.2
V\at er
Cool i ng 4.3.3.3, Figure 4-48
Del uge systens 4.1.2.4, Figure 4-19
Level supervisory devices 3.7.2, Figures 2-21, 22, 3-28
Mai ns 4.3, 5.18.1, Table 5-1
Mot or al arm 4.1.4, Figure 4-28
Mot or gong 2.2.3.3, 4.1.4, Figure 4-28
Spray nozzles 4.1.1. 4, Figure 4-8
Sprinklers, foam 6.2.2.1, Figure 6-8
Suppl i es 4.3, 5.18
Suppression, rapid reaction 4.1.2.7
Tanks 4.3.2, 5.18.4, Figures 4-32, 33, 34, 35
Tenperature 3.7.5.2, 3.7.5.3, 3.7.5.4, 4.3.2. 2,
Figure 3-28
Wat er f | ow
Alarm 2.2.3.3, Table 5-1
Det ectors 3.6.5, Figures 3-22, 23, 24, 25, Table 3-1
Meters 4.3.5.2, 5.18.7.2, Figures 4-57, 58, 59
60, Table 5-1
Tests Table 5-1
Wi ghi ng device, cylinder 9.1.1, Figure 9-1
Wet barrel fire hydrant 4.3.1.1, 5.18.2, Figure 4-30
Wet chemnical systens 10, 11, Figure 10-3, Table 11-1
Wet pi pe sprinkler systens 3.6.5.6, 4.1.2.1
Wet st andpi pe systens 4.2.2

| ndex- 24



W (conti nued)

Wre pulling
Wres, telephone type
Wring

Di agr ans

Pl ant type

Tel ephone type
Wooden wat er tanks

z

Zone annunci ator |anps
Zoni ng, cross

GwWwwwwhw
PR R NWwWwO

w

.8.1.1, 3
6.4, 7.4.2,

| ndex- 25

3.10. 3. 4,

.8.2.5,
9.3.2

3.10.3.5

3.8.2.6
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